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The International Atomic Weights for 1917 are adopted in this Table. 
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GENERAL mTRODUCTION TO THE SERIES 

» 

During the past few years tlic civilised world lias beffiin to realise the 
advantages accruing lo scientific research, w'ith tlic result that an ever- 
incrcasing amount of time and thought is being devoted to various 
branches of science. 

No study has progress(‘d more rapidly tlian chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and- Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a ; 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by* 
enterprising firms, so far as physical and analytical chemistry are 
concerned : and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowiedge of the different sections of science does not 
progress at the same rati*. Consequently, as fioon as any particular 
part advances out of iiroportion to others, the volume dealing with 
that section may be easily re'dsed or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adojited the Periodic Classification 
with slight alterations, devoting a w^liole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece*. 

In the first volume, in addition to a detailed account of the Elements 
of Group 0, the general principles of Inorganic Chemistry are discussed. 
Particular pains ha\'e been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
clear account of the principles upon which our knowledge of modem 
Inorganic Chemistry is based. 

At the outset it may be well to (*xplain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent W'orks have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this scries. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasise their application to Inorganic Chemistry, with 
w'hich branch of the subject this scries of text-books is exclusively 
concerned. To this end practically all the illustrations to the laws 
and principles discussed in Volume I deal with inorganic substances. 

A^ain, there arc many subjects, such as the methods employed in 
the accurate determination of atomic weights,* which afe not generally ' 
regarded as forming part of Physical Chemistry^ Yet these are sub- 
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jrf supreme importance to the student of Inor^nic 'Cheitt|$tl(3fi:; 
'/Sjnd are accordingly included in the Introduction. 

. Hydrogen and the ammonium salts arc dealt with in Volume II, 
along with the Elements of Group I. The position of the rare earth 
^metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV^, along wfth 
the Elements of Group III, as this was found to be the most suitable 
place for them. 

^ ^ Many alloys and comjioiinds have an equal claim to be cofisidered 
in two or more voluines of this senes, but this would entail unnecessary 
duplication. For ex.amjile, alloys of coppe r and tin might be dealt 
with in Volumes II and V respectively. Similarly, ecrlain double 
salts — such, for example, as fen-oiis ammonimii sulphate — might very 
, logically be ineluded in Volume II under ammonium, and m Volume IX 
under iron. As a general rule this dillieully has been overcome by 
treating complex substances, containing tw'o or more metals or bases, 
in that volume dealing w'ith the metal or base winch belongs to the 
» highest group of the Periodic Table. For (“xampl(‘, th(‘ alloys of coiipcr 
and tin are detailed m Volume V along with tin, since copper occurs 
^rlicr, namely, in Volume II. Similarly, ferrous ammonium sulphate 
IS discussed in Volume IX under iron, and not under ammonium in 
'Volume II. The ferro-cyanides are likewise dealt with in Volume IX. 

But even with this arrangement it has not abvays been found easy 
to adopt a perfectly logical line of treatment. For (xample, in the 
chromates and permanganates the chroniium and manganese' function 
as part of the acid radicles and are analogous to sulphur and chlorine 
in sulphates and perchlorates; so that they should be treated m the 
volume dealing with the metal acting as base*, namely, m the case of 
potassium permanganate, under polassium in Volume II. But the 
alkali permanganates possess such close analogies ^vith one another 
that separate treatment of these salts hardly seems desirabk*. They 
are therefore considered m Volume VIII. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indices and frequent cross- 
referencing in the texts of the separate \olumes, tlic student will 
experience no difficulty in finding the information h(‘ recpiires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The tigurt's given are not 
necessarily those to be found in the original memoirs, liiit have been 
recalculated, except where otherwise stated, using tlic following 
fundamental values : 

Hydrogen 
Sodium 
Potassium 
Silver 

. Carbon 
Nitrogen 

8y adopting this method it is easy to compare directly the results of 
^lier investigators with those of more recent date, and moreover it , 
t^nd^rs Ihc data for the different elements strictly compa^rable 
lliroughout the •whole setics, 


= 1-00762. 

= 22-996. 

= ;I9100. 

= 107-880. 

= 12-003. 

= 14-008. 


Oxygen 

Sulphur 

Fluorine 

Clilorine 

Bromine 

Iodine 


= 16000. 
= 32 065. 
= 19-015. 
= 35-157. 
= 79-910. 
== 126-920. 
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aim has not been to make the volumes absolutely exhaustive, 
as this would render them unnecessarily bulky and expensive ; raUier 
has it been to contribute concise and suggestive accounts of tl e various 
topics, and to append numerous references to the leading works and 
mcjTioirs dealing with the same. Every effort has been made to 
render these references accurate and ri liable, and it is hoped tliat they 
will prove a uselul feature of the seru's. The more imjiortant abbre- 
viations, which are substantially the sanu‘ as those adopted by Ihc 
Chemical Society, arc detailed in the subjoined list. 

In order that t lie series shall attain tla^ inaxmiiim utility, it *is 
necessary to arrange lor a certain amount of iiniforinity throughout, 
and this involves the siijipivssion of the ]>( rsouiilily of ihe mdividuil 
author to a corrcspoiulmg extent for llu' sake of the common welfare. 
It is at once my duty and luy ph'asurt* to exjiress my sincere appre- 
ciation of the kind and leady maniar in which the authors liave 
accommodated tlu“iuselv(‘s to this task, which, wnthont their hearty 
co-operatioii, could iu‘Vit ha\o been successful. Finally, I wish to 
ackiiow'ledg(‘ th(‘ unfailing courtesy of the publislaTs, Messrs. Charles 
Griflin and Co., w'ho have doiu* everything in their powTi* to render the ^ 
work straight forward and easy. 

J. NEWTON FRIEND 

October 1017 




PREFACE 


By moans of tlio IVriodu* Sysloin Iho chcmioiil olc'tnouts tiro sot hi 
\ ario^ratod 1‘ulds, the oullivation of wlncli yiilds rosidls j»f liiirh iiitorcst 
and value. A ro\ icw of taoh i»i“oiip for llic j)ur[)os(* of oxliibiting 
saliont charaoUnslios and d(‘\olopini> ijuKTalisal ions is an impressive 
cxcroiso, l)ul oiu“ lialdo lo l(‘ad to disappoint mold if Mm]>lo rolations 
siioli as llioso wliicli j)( rtain to iiiomlKi’s of homologous sorios of carbon 
ooni]ioimds arc oxjioolod. Anonialios, li<n\(\or, oaiis(‘ (jiiostioiiiiig and 
modilalioii; and thus ainidsl a bowihhi’ing array of oluinical facts 
now rolalionships arc somol lines jiorcou ed. 

Each of Iho diflinsd uroujis lias an inlonsl of ifs own; and the 
foiirlh groii}). with which this MdiniK* deals, ooou|>ios a jiositiou of 
])oc‘uhar sioiiilioanoo which the AuMior has sought lo point out in the 
iiitroduolory oh.ijiU r. 

^Vhllsl I lie nioup oonlains no olomont the study of W'hioh is (piitc 
so fasoimiling .is Ih.il of, sav, ohtonnnm or nilrogon ; and, inorcovor, 
ooidams one olenionl. '/iri'onnmi, about which it would be dillioult for 
any chcniisl lo be ( nl Iniscisl ic ; luwiilluhss sonic of lla* (‘Icmcnts of 
the group occupy <|uil( (he in si rank because of in.iclieal importance 
or theon 1 le.il inli lesl. 

The group stalls wdh e.ivhoM, with ils allot vopie forms, and coal, 
the ooiistihil ion and poll nli.ilil a s of whieli ehiiiii tin* most serious 
alloiitioii of chemisls lo-d.iy. Then follow^ the simpb* Iiydrooarbons 
wiiosc Ihorinal de<*oni])osil ion and oonihiislion have bei ii elucidated by 
Dixon and Bone, and llasr eo-workers ; allerwards comes carbon 
dioxide, mh resting .is a g.is, .md liee.iuse of ils plaei* lu nature; and 
subseipientlv \aiious other e.irhoii eoiupoimds stamlnig on the fringe 
of the oigaine held. 

Silicon has a doiihle nili rest : on areomit of silica, and the natural 
and artiheial siheatis, ulmse eonsliliilion, according to ilic theories of 
W. and 1). Aseli and otla rs. is rcxiewcd ; and because of the problem 
of the relation of the elemeiil to carbon, to the solution of "which the 
researches of Btvnohls, Kipping, and Marlin have eoiitrihutcd. The 
Author is niueh indehtid to Ihofessor Kijipiiig, wdio kindlj' criticised 
the maiiuseripl rehilmg to this subject. 

The jir.aetical interest n\ titanium is limited to its use in steel and 
the employment of the tueldoiide as a reducing agent; zirconium is 
notcw'orlhy only because of the dilheiilly of preparing the metal, and 
the limited ernploynienl of zireoiiia as a refractory material. 

Thorium has assumed great inijiortanee m recent years because of 
the use of tlioi’ia m the inanufaeture of ineaiuleseeut gas-mantles, and 
on account of tlic radioactivity of the element. The Author desires 
to express his sincere thanks to Mr. II. F. V. Little, B.Se., Chief Chemist 
to MeSsrs. Thorium Limited, and Author of Volume IV in this series, 
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who read the manuscript and proof of the thorium chapter, and so 
ensured accurate presentation of a recondite subject. 

'T^e very rare element frcrmanium, witli which extremely few 
chemists have any j)raetieal aeqiiainiaiicc, is eliiefly of note because of 
the manner of Us fori‘tellin<r and discovery ; but within a limited scope 
the compounds of this metal sliow inleresiin*^ relationsliips. • 

The fourth f^roup eoneludes with the important metals tin and 
lead. How remarkable it is that these common metals are found in 
the .same jieriodie held with the scarce germanium ; and lufw far we 
fft’e from understanding whv some elements are so common and others 
so rare! It is hoped that the descriptions of nutalhir^ical and manu- 
facturing' ])rocess(s, and of tin* pro])erties of the mettils themselves, 
though not exhaiisti\(‘, will be found clear and adeipiate. 

A valuable source of infoimation and referenci's uj) to the year 
1909 has been Abegg's Ilamlhuch dn mw) }l<uutichai Chemu\ Hand III, 2 ; 
Thorjie’s Dirtionaiif of Applied Cheimstnj has also been consulted, 
as well as Itoscoe and Schorhanmer’s treatise. 

For more recent work the Abshads and Annual Jicpoils of the 
Chemical Society, and the C/ienn.sdics Zenlialbkiltf have siijqihed 
references to original jiapcrs, and information where the ])a])eis were 
unavailable. Some facts of nnneralogv have been ghaned from the 
Data of Gcochcniist) (j compiled for the United Slates (ieologi(‘al Suiwey 
by F. W. Clarke. 

The Author desires to thank Dr. J. S. Haldane for his original 
contribution on the phvsiologic.d aclnm of carbon dio\i(l(‘, and Mr. 
F. W. Clifford, the labiarian ol the Chemical Societv, lor revising the 
list of abbrcv’iations of journals, and for information on some other 
matters ; and tinally, to express his great md(‘btedness to Dr. J. Newton 
Friend, the General Editor of this senes of te\l -books, for his invaluable 
help. Dr. P'ricnd has edited the sections on Atomic AWaghts, and 
recalculated the valiii s, and has also read llu* whole of the manuscript 
and the jiroof. On account of these iinn'inilting labours the Author 
has a degree of conndence* m the reliability of the entire work which 
otherwise he would not ])ossess. 

He will iiev'ertheless be grateful for criticisnis, and suggestions for 
improvement. 

R. ]\r. CAVEN 
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CHARTER 1 

INTRODUCTORY 

THE ELEMENTS OE THE EOrilTH (illOUP 
CONSIDERED AS A WHOLE 

Gkoui* IV occupies tli(‘ ccntrMl posilion in t!u‘ piTiodic system. In 
Newlnnds’ octaves eaibon was piecedcd 1)\ lithnmi, irlnciniiin, and boron, 

and rollow(‘d bv nitro^^a n, oxygen, and 
lluoniu*, wliilst silicon was preceded 
bv sodinni, inagnesimn, and alumi- 
nium, and followed by [diosphorus. 
sulphur, and cliloriiKs 

In Mi'iidelceff's (‘lassilicatioii, which 
extends to elements of higher atomic 
weight, till* same fact is apparent. 

Eor txample, in the A’ subgroups 
(see Er(Mitis|)iece and ('hart, p. 2) 
lilaiinim is preeeiled by potassium, 
c.deium and scandium, and followed 
by vanadium, chromium, and man- 
ganese, and so on. 

This statement is searcedy inva- 
hdati'd by the interpolation of the 
group of no-valency or noble gases, 
smc(‘ these ])osscss no elu'rnical pro- 
])erties, and in the long periods arc 
Imlaneed by the noble metals of 
(iroiip VHL 

To understaiul the relationships which subsist between the elements 
of the fourth group it is neeessarv lirst to take a brief survey of the * 
periodic system as a whole, and of the modiheations which are found 
in the relationships of (demeiits in successive groups. 

In each scries of the periodi<- sehemc the realisable valency of the 
individual elements rises from 1 in Group I to 7 in Group VII, whilst 
in physical and chemical properties there is a gradual transition from 
relatively metallic and electropositive characl(y:s to relatively non- 
metallic and electronegative characters. At the same time there is a 
VOL. V 1 A 
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notable distinetion botwoeii the elcmonts in the short or typical periods 
and those in tlie same ‘(roiips m llie lon;^ periods; and also betweeji 
elements analo^Mmsls sUn.ded in the A and R siibjjronps into which 
the hniLT imiods are di\uhd. 

'J'liiis tin se\(n iliineiits (»i the hrsl short peiiod, Iroin lithium to 
lliioi’lne, aie separ.ilid 1)\ dislmeli\e piopeitus liom all tlu‘ eleiiuMits 
\\lneli l'(»ll<»\\ I hem K<m inflame, litlimm slious excc'pliomd properties 
wild! eomp.ind sMih tin nlln r alk.ili na tals. .ind llnorm similarly 
when eonf^iaitd with tin nllui llaloL;e^^ * 

The s(‘\ en « l( iiK nls ol tin si eond shoit pi'i'iod ajiprovimate in 
propeilii s lo the corn spoiMtmij elements ol llu‘ loiii^ | iM’io ls ; but 
they aie in \ 1 1 1 Ik h ss. al hast m sinne easts, dislmelly stpaialed from 
them. I''<a mstams , w hilsl sodium stands elt»ser to potassium, nihidiuin, 
and (Msiiim than dots lithium, it is ntNtitinhss st'par.ittnl from them 
l)V the (listmetu e piopeilits of its s.ills. 

It ma> he saiii, tlnielon, that t‘\ er\ t lenient of the lirst short 
{)ei lod is imn|iit‘ hv i< asoii of si loinr irnli\ idiiahl \ , and t h.it the elenuaits 
of the second shot I pt Mod tail lo show sii(‘h stioiiir mdiMdiiality, and 
are more inaiK nlatetl !•> Ihe etn it spomlmo tlt'imiils that follow them 
111 tile loiiL^ ptiiods 'I'liiis, Idr t \.implt% ehhu’iin is not s(‘paruted in 
propt i ties horn I he siieeet diiii; h.doi^n iis as Ihnu’ine is, and is more closely 
related lo hioiniiu (h<m to ihnaiin. 

Ill Ihe sIikIn ol lilt itin^r piinuis it is ohsti\al>l(‘ in tiaversin^ the 
senes ol tin \ snhLOoiips, / e tin' e\(n series, that leiss of electro- 
po>i(i\e ehaiaeltis ni\e)l\es ,ippie>.ieh, not lei inin-nn lals, hnl to the 
re'l.itiN e ls ( l( e I min iralis e* and me 1 1 metals of I he e iirhl h ^rroiip ; and 
th«d Ihe' ( 1‘rlilh Lne)np e'haiae'leiislies pt rsisl m dimmishm;y dej(r('(' after 
the oeld st in s ol tin* 11 siih^u'oiips have' he-en e nte'rt'd, hiit are' lost, when 
the seeenni eir thiiei trioiip is hit hehmd, and L,M\e' plaec' at li'iij^tll to 
t'le'elreine'^Mtis e- and truly non-me'lallie eharaeleristies, which culminate 
111 the ( le'iiie nts t>f tile' h.doife ns. 

'rtnis Ihe senes sshie'h Intrms ssilli the' peiwei fulls e le'Cl ropositivc 
and me t.illu' t h me id nihniiimi ends ssdh .m nnknouii elenn nf, whose 
})lae(' is adpiet III to I In eompar.il is t Is nn rl me tals of I he- e i^hl h f'l'oup, 
I'utliemum, ihodium, ainl p.dlaelmm ; sshilst the* eorie stioiulmg odd 
seric's beiims ssdh silvei. ssliieli is eomparatisely elect rone{»alive, and 
ends ssdh ilie' halen^n n element loelme. 

When the* me inbe rs eif the ssparale croups whieh comprise the long 
periods are' cemsidereel, it is apparent that as a general rule' there is 
increase' eif e-kelreipositive' eharacler or base tirodiieiiig power with 
rise of atomic sveiglit in a giemp. Tims, for example, potassium, 
rubidium, ea smm ; ealeiiim. slruntmm, barium : and arsenic, antimony, 
bismuth, are gremps of such e-k'Hients. 

In the I'lgldh group, he>\se'ver, the* opposite obtains; there is loss 
of elec‘lro)ie)siti\ene'ss and eheimeal aelivily with rise of atomic weight ; 
without, however, the appearance eif non-meliillie proiierties. This 
condition pe rsists in Groups 1 R and 11 R ; and, according to Abegg,^ 
extends to Group III R, but not to Grouj) IV R. 

From these considerations it appears that the elements of the 
A subgronjis will be more or k'ss wuiely separated in properties from 
the elements of the corre'sponding R subgroups ; and so the question 
arises as to the relationships of the elements irf the short periods to 
‘ Abegg, Zeitsch. anotg. Chem., 1J)04, 39, 367. 
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those in the subf^roups. Thus the elements of the short periods may 
incline to the corresponding^ elements of either the A or the B sub- 
groups, or niay conn i\abl\ i)e n]uallv related to or separated from 
both ill their pro])ertii‘s. 

Inspeelioii of tlie juiiodie chart sliows that tlie cxtremi* members 
of the slioit peiiods are uiidoiililedlv lelaled 1o the lliose of the 
long periods. For iiislanee, sodium is relati'd to potassium rather 
than to eo])per, and ehlorim^ to bromine rather than to manganese. 

Mon over, magnesium more elosidy resembles ziiie tlian calcium, 
and it apjieais that after sodium the elements of the second short 
period are related to the eoriesponding elements in the B ratlier than 
the A subgieiiips ; hut that these relatieinships grow eleise'r as the - 
periods are* lia\eised iieim m<igne‘smm te» ehleume* and /me to breunine. 

It mav furllie r he- eihseued that, A\hilst tlu‘ elements eif the A sub- 
groups are always meire* e‘le‘eiiope)siLi\ e than the* eorre^spondmg elements 
of the B suligreiups, llu‘ difli re nee' m preiperhe s between corres|)e)ndiiig 
elements m the A and B subgieaijis is greatest in the extreme* sub- 
groups and dumnishe‘s towards the* eeiiLres of the sub])i‘rie)ds K— Mn 
and (u Br. Ihus tin* difle‘ie“nee* be‘twe*en iihingane'se* and bromine 
IS greater tlian be tween ehrommm and selenium, and so on. 

Th(‘se eeinsiderations iiiay neiw be* applied in (lie)up IV, tirst to the 
relations be*tween earbein anel silieein, the'ii te> Iheise* between silicon 
and the* me'mlie'is eit the* A and B subgreiups, as we*ll as te> the* le'liitions 
that eeu’ivspeuiding membeis of the* subgreiujis be*ar to e'ae*h e)the*r. 

Relation between Carbon and Silicon.— The* unie[ue* eharaeter ])os- 
sc'sse'el liy e^aeli eit the* se \e n e*le*nie nts eil the* tirst short pe*rioel is neiwherc 
more clearly slieiwn than m the* (‘ase e>f e«ube>y, wliie'h by re'asein e>f the 
enormous numlier e>t eeMupoimels it Ibims, anel the* fae*t that it enters 
into the eeimposition ol all organic tissue*s, slanels eiuite* aleine amoni; 
the* ele*m(*nts. ^ 

The fundamental epiestion re*garehiig the re-lationship between eaibon 
and silicon has to ele» with the eonformation of the* atoms e>f the* two 
elcme'iits, eir, meue sliieth, with the* spae*e* elispeisition eif tlu'ir ^ale‘nele*s. 
The eemception which legaiels the* fom \ale*neies e>I the* earbeui .itemi 
as diree*leel from the* centre thiough the angular ])e>mls of a regular 
tetrahe’dron lie*s at the ieainelalion eif the stere*e)ehenustrv e)f e*ail)on, and 
is jilainly capable* eif exte nsiem lei eithe r e*ie*meiits of the Ibiiith greaip. 

It has be*e*n slieiwn by Kipping,’ who has jirepaird “ asymmetric ’* 
optically active* de*rivati\ e*s of SiC'l,, that the silu'em ateun is analogous 
to that ol carbon m the* mode of dispositieui e>f its \ ale*iieie‘s. Ceuisc- 
qiicntly, m all attempts to repirsent ste*u‘e)ehe*mieallv the structure 
of silicon compemnels this te lraheelial form must be taken into account ; 
and ill so far as silicon analogues eif carbon compounds exhibiting 
isomerism can be* |)re’p<ire*el, se) tar may similar ise)me*rism be expected. 
For example, if sdicem ceimpounds analogous to ethylene derivatives 
can be prejiared, they ma\ be exiie eted to exhibit ge ometrical isomerism 
similar to that of fumaric and male*ic acids. Likewise, if silicon atoms 
form ring cemipounels, eithi*r aleine or linke'd through oxyge*n, in which 
each silicon atom has two span* valencies which may be) satislied with 
like or unlike aleiins or gremps, the n it is possible that a kind of isomerism 
may exist analogous to that exhibited by the substituted polymcthylenes. 

It is unliLely, however, judging from the analogies suggested by 
’ Kiiiping, Trans. Chem. Soc , 1907, 91, 209. 
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the periodic law, that silicon wll be found to bo very closely related to 
caibon either in the types of compounds it forms or in the properti^ 
of analogous compounds. So far as the evidence «jfo(‘s this view is 
supported by a comparison of lh(* propertus and occurrence of the 
two elements and their natural eoin[)oimds, as well as by I he differences 
betwnn the propertu‘s of analo.i^ous compounds ohlaiiusl artificially. 

Indeed the analo^v seems to be r<‘strieted entirely to type, for 
correspondin^r compounds of a tvjie an* \eiv little alike in 

])roperties*. Silicoms, for ( \aniple, K SiO H, coirt spondm/y in typ8 
to ketones, are <pnt(‘ ddlerent Iroin them in jiroperties. 

Just how far lh(‘ aualoirv betwissi carbon and silicon i‘\tcnds, 
however, has yel to be disco\(‘red by the |m‘paralioM and study of 
tyi»es of silicon <*oni|)onnds In vond those \el known to exist. 

All interest iiiiT emnpaiison of silu'on eompoinuls willi eor responding; 
carbon ef)niponnds has n^eeiitb bisn inadi' bv Ib'^alen, who has 
measuied the refiaelixe mdiei‘s lor the w.i\(‘ h'li^llis of llu' more iinpor- * 
tant speetiid Inns ol numerous situ o-hvdroeaibons, and has compared 
the inoleenl.ir n li.i(‘lions of thes<- (‘omponiids x\illi those of eorrespondiiif]; 
caiboii eompomids II has llins Ixsai shown tb.il ibe n placs ment of 
a carbon atom bx silicon iais( s llu* mo1< enl.ii r< frai'lion of llu' compound 
b} alxiiil a units (.>00 .">.‘10 for (he I) line) ‘ 

Natural Occurrence of Carbon and Silicon. C arbon and silicon differ 
markedly fioni t.ieb oilier m Iheii m<xl<‘ of natural (X'eni niieis Krec 
carbon is found m xaiions ioinis in llx crust of liie cailb ; silicon has 
nexTF been found imcombiiKsl (arbon “ circnlali's ” bclwci'ii the 
mineral km^aloin and Iixm<:; ortrainsms ; silicon does tins to only a viay 
limiti'd extent, and pioli.iblv wilboiil lednelion fiom llu' stale of silica. 
Tins diffcnnee is eoinuelid xvitli the superior lediieibilit y of ciubon 
dioxide*, as well as witli fnixlaineiital difl<*r<nees betwein tlu* two 
elements as re/jfaids tin* txpes ol eomponnd llu x c.'iii foiin. 

Indeed, silicon apjx ars to i nler into the slnieliiie ol (irifainsms only 
ill tli(‘ form of deux alix ( s of '>ilieie aciel At least il is <pnt(* e<‘rtani that 
there is no ‘’or/rame " ebemist ry ofsilicon <‘omparablr w il b 1 lial of carbon. 

Allotropy of Carbon and Silicon Of tin* sixui |).nrs of elements 
conshtnlm'T the two short peiuxls, eailxni and silicon .lu the only pair 
xvliieh possess cennparable allot leipie* feirms. 

Ineleeel the* physical preiperliis e>f the*se pans of elements appe*ar to 
x'ary m a somewhat iire*!riilar maimer, e'\ee*pt in the first, aiiel perhajis 
the sccemel, as xxe'll as the- sexe-ntli ‘.nenip. The* contiasl hi tween boron 
and alumimimi marks a tiansitiem fiom me tal to non-metal ; tlaat 
be*lwcc*n nitrei^'cn anel pliosphoins, as xxc-ll as beiweeii e>\yj(en and 
sulphur, illustrate*s the wiele- raii^c of prope-ilie-s Ix tween all but the 
most ele?ctronc*fralive neiii-metals, as eonipare-el xxith the- bi;rlilv elcctrei- 
positive metals (lithium, sodium) on the- one lianel anel the- most electro- 
negative non-metals (Jlneirine, chlorim-) on the- otlier. 

Thus the recently ehscove*re*eI allot reipic nit i eigen caimeit be pnt 
into the same cate-geiry with the* allotropic forms of phosphorus, and 
allotropic eixygcii caiineit be eeimpaied with allotreijiie sulphur ; but 
phosphorus anel arsenic, and sulphur anel seh ninm, are* pairs of elements 
whose allotropic forms may lx* ce>mpaied xvith theisc of c.n bejii anel silicon. 

Although boron has not been me*iitioiie*el m this cennparisori because 
as regards its allotropy it stands alone in the* •thirel grpiip, il iiever- 
« ^ Byg‘l™* i^eihch pht/fulal Chem , 1915 , 90, 'JI 5 
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tiicless approaches more nearly to carbon and silicon in physical 
propprtics than any other elenK iit. 

The allotr()])ic forms of earbon and silicon arc eonniarcd in the 
following sehemc : 

Carbon. — Diamond: H(giilar Oetahc<lra and Cubes; Densit\, .‘KilO- 
Hardness (on Moll's scab*), 10 
Graphite : Diaisity, 2 00 ; Soft. 

• Amorphous: Density, 170 . » 

Silicon.— .• Regular Oetaludra ; l)ensitv% 2-'J<9; Hardness, 7. 
Amorphous: Ddisiiy, 2*;i.>. 

Although silicon exists in only two \\cll-d(‘fined allot ro])ie forms, 
while carbon exists in three thei(‘ is ik \( rlheless :i close lescniblancc 
between the physical forms of I Ik two cIcmk ids. 

Thus erystalline silicon is isomorphoiis witli (liainoiid, and even 
approaches it in hardmss, whilst in eondiietmg power Ibr elect rieity it 
resembles graphite. 

The Linkage of the Atoms. A fundamental jirojx ity of tlu* atoms 
of carbon, w'lueh distingnislK's this elciiK iit from silicon, and indeed 
from all other elements, is Ihc'ir powa'r of linkage' into chains and lings. 
Ihis IS shown primarily in the existi'iiee* of nunuTons natural and 
artificial hydroeaibons wdiose* deri\ali\es eonsliluli' the host of com- 
pounds of organic” elKmiisliy. As examjih s of the c xlent to 
which carbon atoms are known to link theinseUes togc'lher, the 
hydrocarbons dimyrie>l, Cll8-(CII.,)5«-(’II„ and dekac) eli in , or 


II H 

c c 



may be cited. 

Silicon ]K)ssess». 

The silicanes SiJI,;*' power of atomic linkagi' in a limited degree. 

* » ‘'’k'-.Hj.,, and Si,,!!,, exist,** as wtU 

k and iSoniioski, Jin , lOKi, 49, It I 
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as the correspondinff chlorosilicancs SijClg, Si4Clio, SijCljj, 

and • • 

Whether or not the power of linka*]fe of silieon atoms is exhausted 
in these few eoinpoiiitds, it is eertaiiilv \erv liniiled eompared with 
thatof carbon. Silicon atoms, houever, jiossess to a remarkable degree 
the powei of linkage through owgeii atoms, by reason of which chains, 
aiul ])robably rings, are ])rotliieed. Thus tin* natuial silicaU'S arc 
deri\ati\<»> of eondinscd siheie acids such as : 


or 


IK) Si O 

h 

IK) Si () 

IK) on 


psi- ()-] -Si on 

M! :i 

Lo J/i () 

1“ Si O -j - Si on 

Liio oirJ//ii() on 


to wlucli lh('i(’ coiiespond, e ff. the phen\l denvaliv(‘s ^ : 

no Si o Si on 

/S 

IMi l»h I»h Ph 


IK) Si O Si O Si on 

' \ 

IMi Ph Ph Ph Ph Ph 

and 

IK) Si O Si O Si O Si -Oil 

'\ /\ 

Pli Ph Pli Ph Ph Ph Ph Ph 

Th(' pow'er lo form eondensid acids, such as the above, in which 
atoms of tii(‘ (lenunt ar<‘ linked into a chain through owgen atoms, 
IS not conlined lo .silicon. It is possessed by boron, as well as by the 
elements of the si\lh giouj), molybdenum and tungsten especially 
forming highlv compk x eompoiiiids of this type. 

With eaibon, ho\\(\er, the power ol forming chains with oxygen 
appears not to he so eharaeteiistie. Ksters, etheis, anhvdrides, and 

I ! 

lac'lont's ooiiljiiii llu- ttiiinpiiij; • -(■ -O (ii-ctlicrs the (troiiping 

I I ! I ! I 

— (’--O -C- (' O (’ , and pohglveols the gronjimg 

IMI 

C' O— (' C -O—C-C— . . . 

Ilut lengthy chains of allunale carbon and oxygen alom.s appear not 
to exist. 

Resides chains, silicon torms rings in which its atoms are alternately 
linked w'lth oxygen atoms. For example, from the above chain com- 
pound^ the following rings are derived - : 

^ 1 \ip|)iiiK Trans t’Acwi. /Vtw , 1912 loi, 211 ) 4 . * 

> Ki|)])ing, tbid. 
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To the lorniCT of Ihe.sc then* corresponds the carl)oii coiniiomid 
tfioxyincthvlcne : 
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NcvcTthcIcss it IS true to say tiud tlie chiinieteristie of ear))on is the 
groupiuif of its siloins jilone into chains and rinjrs,' whilst the eliarac- 
tcristie of silicon is the formal ion of chains and i lilies composed of 
alternate atoms of silicon and oxvfren. The nalmal hvdrocarhons 
and the natural .silieales i(‘speeti\ely exemplify these eharael-eiisties. 

Analagous Compounds of Carbon and Silicon.- -7///^// n/cv The 
relationship lietween the h\ dudes of carbon and silicon is limited to the 
following' eomponnds : 


Carlion Silicon 


Methane 

CII„ Il.P. 

1()P ('. 

Siheane 

SiH„lbP.- 

I12"C. 

Ethane 

„ 

l).3 ' C. 

Siheo-ethaiu* 

Si.,ll,j . 

- 15' C. 

Propane 

„ - 

UT) (’ 

Siheo-pru})an(‘ 

Sj'ills ’ 

! .58'' C 

Butane 

” i 

r p. 

Siheo-butane 

SijII ., 

()°C 




at 7 mm 

The boiling-points of SijIIjg and Si, ,11 14 are unknown. 



Acetylene, C2II2' sublimes — 8,3° (\ Silico-aeetyleiie (Si2lT2)», solid. 

Silico-ethyhne, Si ,114, and sihco-crotonylene, {Si2n.,).2, also ])rol)ably 
exist. 

Hydrosiheoiis differ widely from hydioearbons, not only because 
comparatively fiwv of the former seem eafiable of existence, but also in 
chemical us well as physical properties. Methane and siHeane resemble 
one another in their formation by the action of water or acids on metallic 
carbides and silieides, c ii. : 

Al.C., -1-121100 |.A1(0II)3 -f .3(Tl4 

M^I-jSi [ UICI 2MgCK I Sill4 ; 

but they differ "reatly m their chemical reactions. For in.stance, 
silicane is decani posed •into its elements at a red h(‘at, but methane 
may be heated to the melting-point of glass without decomposition. 
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This difference in stability is quite in accord with what obtains 
in other groups of tht‘ periodic systi'ui, in wliieh diminutio^i in 
stability ol gaseous liydridc's aGcotiipaiiies rise ol* atoiiiie W'eight 
in the elements ; ej. lor example, ammonia, NII3, with hydrogen 
phoMiliide, PI 1 3. 

^onneeh'd with the relative stabihhi's of iiK thane and silicanc are 
their relative ehemie<d re.ieliMlies. 

hrom^e()|)|)er-'>iilj)hat(“ soliilion siIkmih* pre(‘i])ilali s copper silicidc, 
thoiigh Irom the more reducible silvia* salt the metal s([)aiates, togethet 
with silicon : 

iiC’iiSO^ |- II, Si _ Cii,Si I ‘JILSO, 

2 Ag,S()n- n,Si bVg ^ Si |- ‘2II,S(),. 

McthaiK', how’e\er, does not react with either of tluse salts. l*hosphine 
similarK pieeijutates plios|)hid(s rinm nietallie salt solutions, whence 
ammonia does not pieeipilalc nil 1 ides. Indtul, stability and a kind 
ol eheinieal ineitixss eonespondinij to it are eharaeltaislic of the 
In dudes of the tiist slioit piiiod . (‘II,, Nil,, OII^, KH. The resem- 
blance of silicon to eaibon in tlie Kinaining Indrirh's is but slight. 

Silieo-< lhaiK', Sull,,, besahs dilbiing tiom (lli.iiu' in boiling-[K)int, 
IS decomposed into its (‘lemenis at ‘ 2.'50 (’ . an<l is a vigorous reducing 
agent, ])r(‘ei|)itating silvci, gold and uKreniv horn tlmr salt solutions, 
and reacting with sodium hvdioxide solution thus. 

Si,II„ i iXaOII |-‘2ll2() *jXa,Si(), -f Tllg. 

Ethane is eajiable ol none of lliese reactions. 

Little IS known about silieo-;iet t\ lene except Dial il is a (Tysiallinc 
solid, which is no doubt jiolv nu used, and as dilhnnt as jiossiblo from 
acetylene.- 

The Vhloxifo) ms One of the closest rt s( inblances between carbon 
and .silicon is shown bv the two eompoiinds . 

nil.iroroim ('IK 1 „ It.P. bl-.VP. 

Silieo-ditoroforin SiIK’l,, .‘J.T ('. 

Poth c()m])onnds are lapiids, and the rdation between their boiling- 
points IS similar to that which obtains with the halides, shortly to be 
noticed. A difference exists between tin ir eheimeal properties, how- 
ever, which recalls that bdvuen methane and siheane. 

Thus sihco-ehlorofoim is h}drol\sed t»y water, foiming SiII(0H)3, 
W'hilst chlorotorm is <pnte stable towaids water at oidinarv temperature* ; 
and .sihco-chloroform vidds eth\I orthosiheifoimale, by 

interaction w’ith aleiihol, tin corresponding caibon compound only 
resulting when chlorofoim uaets with sodium dhoxidf. 

The //flhVc.v.- -Silicon is more reactive towards tlie halogens than 
carbon. Whilst both elements combine diiectlv' with tlnonne, silicon 
combines with chlorine at and with bromine at .'iOO", but not 

directly with iodine; but eaibon unites dinetlv neitinr with chlorine, 
bromine, nor iodine. 

The halides of .silicon, as shown 111 tin- following tabh , have con- 
sistentfy lower boiling-points than those of carbon ; and tjuy differ from 
the latter, like the corn sponding hydrukV, in their greater reactivity. 
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TABLE OF BOILING-POINTS 


Fluorides. 

Chlorides. 

Bromides. 

Iodides. 




-- 

• 

c 

X'\^ 7C-7‘’('. 

CBr4 189-5° C. 

n, - 

SiF4-90° C 

1 

SiCk, .57° (\ 

t\Cl6 1S5.5°C. 
SuCI,, ito lhS°C. 

C.,(\ *2(>S 

SiiiC!^ ‘JIO 21,5° (\ 

SiHr, 153°C. 

Sil,('.5!K)'’C'. 


Thus silicon ti'lraclilondc, SiClj, is rnpulls hydrolysed by walci, 
and so behaves as the chloride of orthosiheic acid ; but carbon tetra- 
chloride, CClj, unlike an acid chloride, is (|iiil(‘ stable lo\\ar(ls water 
at ordinary ieiiijieratures, allhonirh it yields e.iilionate when ludrolysed 
with alcoholic jiotash. 

Hcxachlor-silico-ctlianc, Si^Cl^j, is formed by the chloiinalion of 
silicon, but at SOO'^ it is d(comj)()sed almost com))lelel\ intr) silicon and 
silicon tetrachloiide, Si(‘l,i. Silico-ehloroform, SilK'l;,, is likewise 
decomposed by heat as follows : 

iSiIICl, :JSiCl4 -[-Si+‘-Jn2 

On the other hand, when carbon letrachlondt* is passed through a red- 
hot tube it } lelds Ictracliloiethyh ni‘, and hexachloK ihane, (’ 2 CI(,. 

This comparison further illustrates the superior teiuhiicN to combine 
together W'iiich caibon atoms possess ovtr those of silicon. 

Another striking difference between carbon and silicon is exhibiti'd 
by their fluoiides. Silicon letranuoride, S 1 F 4 , combines with hydrogen 
fluoride to form hydiolluosihcic acid, IlgSiFg, and also reacts with 
water thus : 

OSiFj I .’jllgO -T. -F 

The formation of (his complex acid depends u|)on a special property 
of the lluonnc atom, for tin re is no chloiinc analogue of hydrothio- 
silicic acid. Proliably Ihiorme is tcr\ aleiit here, t he constitution being 

II 


F F-F-JI 


/ 

\ 

\/ 



4 '' 

Si 

/\ 

or 

[■/ 


F F-F-II 


\ 

j/ 



I 

II * 


It will, moreover, Ji)e an interesting study to compare thfs acid 
^ tYiend, The Theory of Valency (Longmans), 1900. 
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with analop[Oiis complex acids formed by otlwT elements of the iburth 
group ; but it su (Tices here to point out that carbon forms no <jorr«- 
sponding acid, or, in (»ther words, that the earbon atom docs 

not confer on twv) of th(‘ lliiorine atoms in e.irbon ((tMlIuoride power 
to eonibiiK' with molecules of hxdioifen (luoiide. 

f^.ryhahdt's'. - Viulmn forms the oweliloridi* which is the 

chloride of earl>ome aeid, (’(){()1I)^. 

Sdieon forms no analogous compound, tliongh the ovyehloridc^ 
Si20CI,,, exists, and m< Ids h\ dicx'liloiie .ind silicic acids hv hydrolysis. 

(Infh'.s and O.u/arids A \(‘r^ important dislmction between carbon 
and silicon is sliown in the (‘Mst(‘nc(“ of c.irl on monoxide', to w'hich 
silicon seems to Inrnish no analogue, all hough tht* monoxide* SiO is 
su])pe)se*d to lie- Ibrme el in (‘e)mhinalie)n whe'ii ce ilain silie'ates are ivdiiced.^ 
Caihein meiiieixiele le'siilts liom the ele‘li\ eliatiein eif Ibrmie* ae-iel, irCO'OII, 
but silicofeirmic aciel is imkne>\\n, theuigh its anlivdiiele. Il ,Si^()^, exists, 
and preihahly has tin* const it iitiein 

II- Si ()- S II 


'riiis siihslancc is a stiemg Keliicing agent, reacting ne'cording to the 
eepialmn : 


II, Si/), 1 1>() - 2Si()^ ! 1I.,(). 


and ne)t thus: ILSi/), II/) 1 ‘JSiO, wliie*h woiilel he* tlie reaction 
ncce'ssar\ to establish an anale)g\ in this e’ase* he twee n carbon and 
silicem. 

Sihco-eixahc ae-iel. IloSi/),, anel silico-nie'seixahc acid, iljSi.,Oj, 
de*ri\e‘el freaii ilieir nspee'tne' cliloiieles, aie* an.ileigexis in ceinstilution 
to the ceirresponelmg e'aihon ae'iels, thus - • 


0 

c 

1 

oil 

0 

Si 

on 

0 

1 

(' 

on 

0 

Si 

on 

0 

c 

on 

0 

Si 

on 


1 

on 


1 

,011 


V' 

1 

on 

• 

Sr 

1 

1 

on 

0 

V 

on 

0 

Si 

on 


Sihcei-oxahc aciel eliffeis, lieiweveT, fieim eixalic acid l)v \ie ldmg no salts 
with alkalis, hut eh composing (lins . 

IKSigO, I tNaOII aX.igSiOg ! 2II/) 1 II^. 
Silico-mcseixahc aciel deceimpeises similarh. The'se* reactions give no 
sign of the' exisle'iicc eif SiO. 

The Dioxides.- -The re- is no meue- striking diffe rence he tw'cen carbon 
and sihcein than that hetwee-n the- ph\sical |>ro|K‘itics of their dioxides. 
Carbon dioxiele- is a gas, siticeui dieixiele* a seilid fusible only at a very 
high tempe iature. 

Carbon dieixide* shows no te ndency to polymerise', silica is a polymer 
of unknow n nieileeular we-iglit. 

* Simmonels, Trans Chem Snr , 1110+, 85, (581 , 

■ Those aciels may. hovreiver, havei a cyolic e»iwtitution , vide Martin, Trani Chzm. 
Soc., 1915, 107 , 319, 1043. 
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• No such extraordinary difference is elsewhere presented between 
tjvo oxides of the same type. 

An important interrehition exists, liowever, between these two 
oxides which dt‘pends esseiilially upon this difference in their physical 
properties. At }ii»h leniperatnres silica displaces carlion dioxide from 
combination with fiasie oxides -as, for instance, when silica is fused 
with sodium earhonati* ; hiil at atmospheric tempiTatiin', and in presence 
of water, carbon dioxide displact‘s siliea. 

• Thus in jiasl a^rcs of the earth's history, \\hen the temperalnre was 
high, probaldy most of the carbon dioxide was in the air, and most 
of the siliea combined with bases m lh(‘ rocks. The primiti\e siliceous 
rocks have, how’ever, been largely disintegrated by atmosphi'rie carbon 
dioxide, and eonsequently most of th(‘ e.irbon dioxide in the w'orld is 
now' stored nj) as carbonates in Ihi* sedimentary rocks, whiKt nnieh 
displaced silica exists in the free slate. 

Cathonic and Silicic Jcids - -From single molecnh's of t’02 and SiOg 
ortho and mela acids may lx* derived thus : 

('(Oil),, (0(011). and Si(011)„ SiO(OIl)o. 

Neither ortliocarbome acid nor its inorganic sails exist, though 
alkyl orlhoearbonates are known, r.g. (’(002115)4. Oithosiheic acid 
may exist in soliilion, some of its inorganic s.ilts, such as the magnesium 
salt Mg2SiO,, the chief constituent of olivine, and zircon, ZrSiO,, are 
known, ns well as alk\l salts such as SifOt’^ll-,),. 

A soliilion of carbon dioxide in water eontains nulacaibonie acid, 
to which all saline earbonales eoin‘spond. (arbonic acid dieomposis 
generating its anhydride with efferv eseeiico when il is liberated from 
its salts; it therefore belongs to the class of unstable acids, which 
contains sulphurous and nitrons acids. 

“Gelatinous silica,” dried over siiljihunc acid, is ap))ioximately 
represented by the formula Si0(01I)2, though hydrated silica appears 
alw'ays to be of indefinili* and variable comjiosilion. 

Sodium nn tasilieate, XagSiO,, exists crystallised with vaiious 
amounts of water ; Wollaslomte is calcium inetasilicate ; but most of 
the natural silicati s are ileriv'ed from condensed silieie acids to which 
carbonic acid fiinushes no analogy whatever. 

There IS a connection between these condensed aeids and polymeric 
silica, which latter may be regaided as their final dehydration jirodiiet. 
This may be represented bv the following schemes : 

nSi(0II)4 -> (IIO);,Si -0 -- |Si(()n)2-01„.2 Si(()ll).,+ (n -1)1I20 

lirst anhydro form 

nSi(0II)4 lIOOSi— (3--|Si()-()lL2--Si()011 H-(‘2ii-l)Il20 

second anhydro form 

»Si(0H)4 ► |Si()2|„ ” + ‘iwIIzO 

anhydride 

This atti'inpl to expr(‘ss the stages of dehydration of orthosilicic 
acid must not, however, be taken to mean that highly condensed acids, 
and silica itself, are necessarily in the form of long chains. More 
likely they are img compounds, or may' even consist of two or more 
rings joined together through oxygen aloni.s. ^ 

^Hm^Svlphides.-, A comparison of the sulphur compounds of carbon and 
silicon shows several points of interest. 



Carbon and silicon form the monosiilphides CS and SiS. Carlxw 
XnT ’r 1 ** '•"''tl. ii'xl therefore a polvnier (CS). 

'•> 'Olatile. Tlnoearbonvl eliloilde. '('SCI, * is^ 
in(itni«”It S'SCI,. a erjstalline solu 

th-ii?thr,hllv‘,'l’‘"‘''.' ''■'"IX '-aluiv and is more volatile 

«rSesV’>l''’ ‘r Silx'O'l dislilphidi 

. eaihon diMilp nde in beini- a thioanliulrid.-. the two snlphidtl 
M'liiK rise to tlnoearhonales (e.«. \a./'S,) and tinosdicates (e.g. 
JSil 151553) I‘t ^pi’cliXfly. ' ® 

Compmtmh :citli Sitmgn, Whilst eaihon eompounds 

X "r '"‘Poil-iid. eoiis spondnif. compounds of 

elarbon una£^^^^^ --- M nd.lanee to their 

nsc inblc IndiocvaDic jifid, IICN ; 

. KoUiiouicn, sSisS(MK)^, difUrs IVoin ils (•aiboii anal()/4ii(‘ in being 

decomposed by Avatei : ibc ammo jrroiipin/r ^Si - NIL shows no rela- 
tionship to Uk comspondini: caibon ^lonpmg C’ MIj. Never- 
theless the amhde SKNnCJIs)^ do(s lesimbk m Ixliavionr the eorre- 
.s])ondm;r ejirlxm eompoiind 

^ ® subgroups with Carbon 

and Silicon. It has alieadv been sM<,m(sle<l m the mlrodnelorv study of 

subgroup, 

Hin^ tlun ore somewhal more eleel roneiral i\ e than tlie latter; but 
thal lh(‘ ddfereiiee in jiroptrl.es b(‘iwe<‘n snmiarlv situal(‘d elements 
in he tNNo subgroups mil be h ss pronounced than m any other group 
pdjodic ssysldn. these U\o points may now be elneidatcd by 
eonipaiing siheon uilh germanium and tit.mmm resncetnely ^ 

raJl.e, nnslal,l<. ; iux< HheJess the close relationship 

L , 1 V t'^'^tniee of an unstable 

h\diide, (leir.j, and by the tx\o ehlorolni nis 


SiIK’l, 


H P. .U (\; GeJin,: H.P. 7*2 . 


whieli, houexer, are different Iv dceomposed by water, because germa- 
mum tin ms no condensed aeid ' ^ 

•-'SillCl, I ;tlip |IlSi()|,0 t-ClICl 
GelU'l., I aJI/) II Get) on -j- slKi. 

Whether or not titanium can form a iraseons hydiide, Till, or a 
chloroform, liIK > i" ■i'' ndereslmf; cpieslion. It lias not been found 
possible to pre|)ar(' lilK I,,* but there is some evid. nee of the possible 
existence oil ill, ^ I ndoiibtedly, however. Kermariimii forms a more 
stable volatde Indride and eliloroform than titamuin. 

Alkyls, both of metals and non-metals, are more stable than the 
(»rrcsponding hydrides. Germanium alk\ls exist, but it is doubtful 
if titanium alkyls have been obtained. If they existed they would 

' SchnoiiJor, Zeilwh ariorg Chew 8. 81 

* Renz, Ber., lUOO, 39, 249 • 
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constitute an exception to tlic rule that orfrano-metnllic compounds 
arc confined to metals in the R subgroups of the periodie system. 

Titamuin tetrachloride, TiCl,, boils at (' ; fjermamum tetra- 
chloride, GeCl,, notwjthslaiKlintr the hijrher atomic \vei<r|it ol ^rcTmaintim, 
boils at 8b" ( . , 


Titainmn dioxide, TiO., forms the disiilphale Ti(S(),)., ; ^rrnnanmin 
dioxide, OeO^, forms no o\\ salts. 

These tacts siidiei* to show that titanium is sonie\\hal more me lallie 
and therefore less closely related to silicon than is ‘^ernianiimi, thoinrh 
the contrast between the two elements is not i^reat. 

What is triK‘ ol these two elementsis tniiof llu* series of elements of 
whichtheyarethelirst members, so lhat the ehimnls /ireonmm, cerium 
and thorium are more disliiietlv im l.dlie than (h.Mlemenls tin and lead. 

It now remains to stiidv llu* «r,adation of properlies of the ehiiients 
ot Group 1\ II, nanuly, ir<imanimu, tin, and lead, whieli closely follow 
carbon and silicon ; Ihdi to maki* a similar study of the (ironp IV A 
Clements, namely, tilaniiuu, ziieoiuiim, edinm, and thorium; and 
hnally, by means ol the facts adduced, to institute a ^reiuTal comparison 
Detw^‘'‘»: Hie two sub^ioups. 


COMPARATIVE STtM)Y OF (JKRMANHTM. TI\, AND LEAD 

The Metals. The «rradation of propeities pnsiailed by these thrir 
metals IS set foilh in the aecompaiiMiijr table. .Veeordimr to the 
interpretation ol llu* peiiodie s\ sli m already jrix en, this friadation should 
show an increase in metallic propi-ilies \\ilh rise of alouiic Aveurht. Jn 
a freiieral \\ay this is the cas( ; thoiiirh, as \m11 be seen, nof all the 
properties ol the metals point to this conclusion. 
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The question of allotropy is of interest here. Tin exists in threje 
allulro])ie forms. Lead, beiii" more metallic than tin, does not exhibit 
such well-delined allotrofiy ; but ^'ermaniuin nn^^hl be expected ti5 
show this j)henoni(“non elcaiiy, espicially as it approMinatcs to silicon 
111 oIIk r properlies. Thai no allotropy has been observed may perhaps 
be ailnbuled to tlie iMiily of ;(( rnianiuni. 

The mellin^-poinl of ^ermammn is much hii,dier Uian I hat ol' tin 
or lead ; but in this i( approximates to silicon, vvhieli also i( res(‘mbles 
in the vahie of i(s atomic heat (At. III. Si - . 17 ); whilst the alomici 
heats of tm .md lead show the normal valiu* for metals 

Condueliv ili( s lor heal and deeliieilv do not follow' the periodic 
law' ; but the ai'tion of acids on these lhie(‘ nu‘lals is siLjmlieant. 

No eJenunl h ss eh clroposil i\ t* lhan hydioj^^i n displaces this element 
from Iiydioehlorie acid, (ha'inanimn has no act ion on this acid, beinf» 
111 all piobahihly h‘ss ( h ehoposilive than hydroj^en. Tm and lead 
both displace Indiofjen slowly from the coneenirate'd acid, and lie 
close loijelher m the eh ct lopoti ntial si iw's immediate ly above* hydroiren. 
Indeed it cannot ci rlamlv lx* .ilhriiK'd that h‘ad is more eh'Clropositive 
than tin. Possihlv the inihieiice of the relationship as re/^ards electro- 
potential which obtains m tin* ii^hth ^n-oiqi extinds e\eii as far as 
Ciroiip IV n. 

Tlie reactions of these metals towards nitric acid Ixar a different 
si^nilicance, for they involve tin* ipustion of tin* exisK iiee of oxysalts. 
Germanium, which (buns the dioxide without tin* mli'i mediate appear- 
ance of nitrate, is moie u active th.iii silicon, which is inert towards 
nitric acid ahnu' ; hut Im forms in solution unstable stamioiis nitrate 
with the dilute acid, and with more concenlr.it<‘d acid a still less stable 
stannic nitrate which (piichly jiasses into hvdr,it<*d stannic oxid(‘, or 
metastannic acid. Liad, however, forms the stable nitrate Pb(N03)2, 
which is not much hvdiolvs<‘d b\ water. Thus is shown an emphatic 
ch(‘mical dilference lx tween tm and lead, to which Iheie is no corre- 
sj)ondin<,M lecliopot( iilial difh rence ; this is one amon;rst < I her examples 
which indicate that the basi^anie and ehctrocla mical jir )p( riles of the 
elements in a natmal ^loiip mav not stand m the saiia* Klation. 

Valency. Kach of these dements manihsts the Ivpical f,n'oiip 
valency of four, and it has bee n shown in the case of tin ^ that the dispo- 
sition ol these valencies conloims to the tetiahedr.d type char.actcristic 
of carbon, since asv nmu Inc ” optically active derivatives have been 
jirepared. IJesides bemj^ cpiadriv aleiit, each dtiiKiil forms a scries of 
compounds m which it is bivahnt. .\s m the litth i^^ronp, the elements 
of lovvir atomic wiij^ht li nd to foim compounds in which the higher 
valency is satislied, whilst as regaids tin- elements of higher atomic 
weight till* compounds where the lower valenev is exercised are the 
more stable. Thus tin* gi rmanious ion (ie” reduces C’rOi", MnO/, 
and All'" to Gr-", Mn • .md gold n sjn ctiv elv ; the stannous ion, Sn", 
reduces llg" to llg- and mercury, Ke- • to K •• and C'u" to (hr ; whilst 
the lead ion Pb” has no reducing properties whatever. On the other 
hand, quadrivalent lead compounds are oxidising agents, being reduced 
m presence of acid to salts of Pb- . Furtlu r, the tt Iraehlondcs of 
germanium and tm are liquids which distil unchangid ; whilst lead 
tctracliloriile, PbC’lj, cannot be distilled, but decomposes at atmospheric 
temperature into PbC’l^ -f ( l^- • 

‘ Tope and Peachoy, Vnu, Chem. Soc , 1900, lO, 42. 1J&. 
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. It is to be observed, moreover, that none of these elements exhibits 
^tervalcncy. In this respect they differ in a noteworthy manner from 
the* elements of the A sub^^roiip (q.v.). 

Atomic Linkage.— It was seen that silicon fails far sliort of carlion 
in its power of alomie liiika^ro ; and ^^ nnaninni, tin, and lead resemble 
the majority oi (1< mi nts m nol iorminj' eomponnds eonlainmtr ehains 
of their atoms. Slannous ehlonde \aj)oni* may, however, eontain 
the moleenles C'KSn resembhnir ferrous ehlonde, whose 

•vapour at low* li'injx ialiires eontains moleenles. • 

Tin appears to resemble silieon, howiwer, in forming' chains, or 
perhaps nni(s wilh alternate owj^isi atoms; these probably exist in 
P-metastannie acid and i tsderi\ at i\es, which ari' Unow'ii to bi‘ polymeric. 

Hydrides and “ Organo-metallic ** Compounds. — Tlie jiower to form 
a volatile hydride, MU,, is limited to <Termamum, but, in aeeordanee 
with a well-known prineipli‘, the powi r to form \olatile ori^ano-melallic 
compounds may be expected to exlind to elements of hiijher atomic 
weight. As a matter of f.iet tin and lead, as well as gi rmanium. form 
these eomjioiinds, in which thi* nu tal is ipiadrixalent, thus ; 

Sn(c\n,). Pi>(('2n5)4 

U.R l(iO"(’. B.P. 171) C. I{.lM;)‘2‘M\.d 190mm. 


Tin also forms a diethyl, which is sii})posed to be Su(C' 2 n-,) 2 » J)* 
which the metal is bi\alent ; but this compound may be of the ethylene 
type ; 

(CJl5)2Sn Sn((\,Il3),. 


Halides.- The following halides an* l\ pical : 



1 

Sn 

; i>i, 

_ . 

-- 

- 

I 

MCb , 

Cl ( | 2 , eoldu 1 lesH 

pii^riiM, M 1* 

H P Mlb'C 

' M P aliout 


fiiiiiiia; li<(ui<l, i(‘- 

! .'iOD » \ H P 


ilneiiiii; .'I'/i'iit , h\- 

.Uodeiateh sol in 

' Insol ni ctliii, not 


diobsnl [»y ^\atei 

ellier Stionu le- 

1 a lediiuiiL' iiirent , 


to (j!e(OlI )2 

linein^ a^ent, In- 

nol, liydtolvsed by 



diolysed l>> imn li 
M liter to Sn < y,| * 

1 w.itu 

Ma* . 

(}il(’I,, liiiuid, HP. 

SiiPl,, li((uid, H 1* 

PbClp M'lloW ll(|IMd, 

; detomposrs easdy 


86° (’ , slowl\ li}- 

It.) 6’ (’, foiins 

Complex liah<li'S 

droiysed to ticO^ 

1 In di.ited i^itti cold 
’ water. Iiv drowsed 
by much water 

H,SnF* (?; 

KSnl'l,, KjSnCl, , 

i to ]^brb -I- Ck, 

0 \ |) 1 0 8 1 \ e I V at 

1 lO.*)'' (’ , fonns liv- 
! diate witli a little 
water; Ii y d r o- 
bsod by oxceas 

K>PbPb. etc. 


HjCJeF,, nnd salts 

KjSntV K^SiiCk 

i 

, K'HrbFg 

1 KjPbCk 


If it is remembered that a non-metallic chloride is usually distin- 
guished from a nietallie chloride by volatility, solubility in non-hydroxy lie 
solvents (e.ft. ether), and by being liydrolyscd by water, it will*be seen 
that the above dichlondes illustrate a transition from almost non- 
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metallic* pharaotors in ^jermaniiim to almost mctallip charapter*; in Itavl’. 
Al the same lime, the lact that le.ul ilichloiuh*. PI)(’L, is iiol ji ri'diic^ini^ 
a^cnt shows (ha( had dtu s not assimu* (he (]iiadn\ ah id I'orm so readiJv* 
as tin or rniannnn 'I'hc* h (rac'lilorah's appro.ich nioic luarlv to the 
pio|)(ili<s of non-inct.illic (‘hloinhs th.in tlic du'lilm idis. lail lliosc •)!“ 
tin -uill h ad au' shown to jiossi ss some saline eliai.ieli i‘s 1 )\ lormini' 
PIW stalhilo diat< s ; while Ihi instahihl\ ol had It I laelilni id(‘. 1 M)('I|, 
mii,dd hi- (\|)eelid frtmi Ihi- non-n dneinir piojxih ol Ihe diphloride 
just rel’enifl to. 

'rile ('(Hiiph \ hahih s aie insi niein e. The lormalion of a doiihh' 
or eoinph \ sail alwa\s ihjxnds upon ihe exislinee ol some eleetro- 
eheimeal dilhiuiee helween ds eompoiu id sails, Ihoiiuh Ihe dilTerenec 
hetwein a donhle and <i eoinple\ salt is onlv one ol diein. II may 
wi II h(‘ siipposi d lhat all tin h.ilah s nndi i eoiisidi lal loii an- sidlieieni ly 
eleelioneealiN I oi non-iiK lallie in (‘haiaeler to eonihim* with alkali 
halides, and nian\ of tin m do so eomhim* 

It ajipiais sm<riilar. howe\ei, that m I la ease n| e, imaiimm only 
the complex lliioiidi is known II is notewoillu that in Mils lespiet 
treimanmm is (pule anaioi^oiis to silicon, which loiins lla* (*omph \ aeid 
lIjSiT,,, lull no nllai eoniph x haloi^en aeid. 

Oxides, Hydroxides, and Salts. Ml ihn-e (hmeiils form inon- and 
di-o\id( s to which eiilam h\dio\i(les and o\\salls coiicspond, thus: 


(hO 

SnO 

PbO. 

((((Oin, 

|Sn(()II)^ nnknown| 

|IM>(OII), iinknownl 

II (ico on 

L^SnO 11,0 

2 PbO 11,0, ;{l*b(> 140 


llSnO ()\a 

llPbO ()Na 

No oxN sail s 

Sn.M 

IM)SO, 



I’lifO,. rtc. 

(ieO,. 

SnO, 

l>I.O, 

(;e(()ii),, (;(()(()H),(‘o 

II ,.SnO. 

n,Pbo, 

(fi < bh aeidie, and liasiei 

{II, SnO,)- or 

1 IM)(01 1 ) , miknow n| 


H^Sn-O,, 111,0 

n),0, IM)1M)0, 


and 

l»b“ 0 , l»b..l>bO, 


IhSiisO,, 211,0 

(a,IM>0, 



(aPbO, 


Sn(01I)„ 

also 



nj’b(01l)„ 



K,rb(OII),, 


Sn-SO,), 

'PbfSO,). 

j 

|.S..(N(),),| ! 

ilM)((’..II ,().)i, ( le. 


That the inonoxidis ineiias'* in basic power from eiiimmmm to 
lead can he indeed troni a eonsidi ration ol the osysalL'.. (himannim 
mono\id(‘ foims no ox\salts; staniioiis sniph.iti and ndiale exist, but 
there IS no c.irlionate ; lead monoxide forms nmiarons ox\salls, in- 
clndiiu^ a eaihonate, and is then In shown lo lie a basic oxidi- of eon- 
sider.ihh power. That Ihe hydiated oxides dimmish m acidic power 
from f'lTihaniiini to lead has lx eii shown by Haidv/.eh,^ w ho has proved 
* Hant/scli, Zatsrh anor'j Chrm , lOOIi, 30, 2SII 
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propfrcssivc hydrolysis of the sodium salt solutions : IIGeO’ONa, 
.HSiiO.ONa, UPhO-ONa. 

Gcrriuniie oxid(\ (hO^, is soJiihlc in aeids and alkalis, in uliieli it 
exists as tlu* calliion (ie*" and I he anion (icOj" rtspccla ily. No salts, 
ho\V('\('i, lia\(' l)i'( n isolated Ironi tlu‘S(‘ solutions, but I'loin its solution 
in alkali carbon dioxide jirccipitalcs ircanianie oxides (hO^. * 

Considciin^^ liow closely ^rcrnianiiiin resembles silicon in the com- 
f pounds GcIIj, (icIICIj, (i<Cl,, it is singular that thcic should ap|)car 
little resi inblanee betwei ii <;(‘rinani(‘ o\id(‘ and silica. * 

Stannic oxide, SnO^, dilfi rs from ‘(ermanic oxide, CieOo, m rormiiifj 
condensed acids eontammjr live atoms of tin, which recall the eomiilex 
silicic acids, and also by exhibit iiitj feebly basic projii i lies in the snlpliate 
Sn(S()^)o, and an unstable nitrate, Sn(\()j)4. 

L('ad dioxide, PbOg, differs from stannic oxide, SnOo, m the types of 
acid to winch it ^;i\es rise, since ortho and mela jihimbates are know'll, 
as well as salts of the a(‘id IKPhCOII),. : but h'ad lorms no condenseci 
acids analoiTons to tlmse (d tin. J^iad dioxide also ddfe is from stannic 
oxide in lbrmmj( salts with the lower oxide PbO; smci‘ Pb d) , is lead 
metajilnmbate, PbPbO,, and Pb,()| lead oi lhoplumbat(‘, Pb^ PbOj. 
Probably, howewer. this diffcTence should lx* altribiili'd to the siipeiior 
basic power of hthaii^e oxer stannous oxide, laihei than to acidic 
difference Ixiw’cen plumbic and stannic oxides. Then* ai(‘ no exact 
data to show' tlinl lead dioxide is a weaker acidic oxifle than slaniuc 
oxide, but the folloW'inK <hll(‘rcnce m behayionr is nob'W'ort hy. 

When bromme-wati r is added to th(‘ solution oblamed by addin^^ 
excess of alkali liNdioxide* to stannous chloride' solution, alkali slannate* 
is foriiK'd ; but when a similar expeiiiiKnl is pe ilbiiiK'd with a lead 
solution, Indratcd lead dioxide is ])recipitatcd. Tins result snif^rests 
that lead dioxide is less .icidie than stannic oxide ; and that the' foiiner 
is the more liasic is shown by the existence' of xaiious salts ol (piadri- 
yalenl lead such as the sulphate, acetate, etc. 

Sulphides. The ])rope rlu's of llu' sul})hides accent iiate' the chemical 
difference bet we'e n tin and lead more* Ih.in those of llu' oxides. Sulphides 
arc natnially less acidic than the coriesjxmdmir oxides, and precipitated 
lead sulphide', unlike livdrab'd Jitliari^a*, is insoluble m alkali Ji\ dioxide' 
solution, in which shumous suljiliide, SiiS, beiiij^ more aeidic than leail 
suljihide, PbS, dissolyes semu what tardily. 

Lead IS not known to form a disnlpliide , a fad xxlneli emphasise's 
the inferior slabihtx of ejnadrnalent lead compounds; })iil slannic 
sulphide, SiiSo, is easily soluble m alkalis, licmir more' acidic tJian 
stannous sulphide. 


COMPARATIVE STUDY OK TITANIUM, /IHCONIUM, 
CERIUM, AND TllOHlUM 

It has alrc'ady been shown tliat tilanium is more metallic than 
Pfcnnanium ; and, by infe'rcnce', tliat zirconium, ce iiiim, and thorium 
arc, on the w'ludc, more metallic and clcctreipusitive' than tin anil lead. 
It W'ill therefore be of interest to impure' what se^rt of eompeamds arc 
formed by tlu'se somew'hat more electroposilivc metals, and liow' they 
compare witii the compounds of ^(ermanium, tin, and h'ad. 

With the possible exception of titanium tlii'sc elements form no 
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;xas(‘ous hydrides ; iuiIIut do they form or^^ai o-m lallK* compouruls 
Zireoiiiiini, lioueMr. foims :i solid hydiide, Zill^, .iiid eermiii .1 si^lid 

In di id<‘, |)ioii.d)]\ ('l l ! . » 

Halides and the Question of Valency. 'I’he lolloxsiii^f lahle iiieliules 
K |ii< s( nl.iln e ii.didi s : 



'I’l 

Zi 

(’t‘ 

'i'll 


• 




'Id', 

'Id , 

'hi 1 

'hi r 

'hi i, 

(N'll.h'l'^ 1. 

/ti i 1 ') 

Vv 1 ( '» 

l/il, /III, i.l, 

K/il’. 

K /'I',, K.f.l, 

I. 

\ . /» 1-’., 

( .(’1 
r.( 1,^ 

K (M 1 ,. ' 

, . lid’, 'I’hd, 

~ Klld'’, 

” K.lliK, 

1 


Al Hist siLrhi ilu nih I pK I il loll t)r IIk i« I.dioiiships Ik )( disphiNid 
nppeiirs (IiIIkhII. Ziieniiimii .iiid llioniiin s( » m to In* rii^idK t|iiadri- 
Mil( III (iuiiiiits. i)ii{ lilinniiii .ippi.iis ,ilso to h(‘ holli hi- and t(‘r- 
\ al( id , liilsl <•« iiiim 1 > (1 I \ .ill III III its s|. dill li.ilidi s, tin li I r.ieliloride 
('i('l, h( iiiu NiiN iiiisi.ihli .iiid pioiK to d( eoni|)ose into tin 1 1 leliloridi* 
and eliloi mi . lhoiii;li il loi in > < (Miipli \ s.ills ol tin l\ pe M d'l ('1,^.“ 

'rill I uo .uiom.ilii \i. Mn lowi r \ali neii s iif iitanmm and llu* 
feeble ijii.idi i\ alt ne\ ot e. iiinii nia\ h(‘ ixpl.iiiiid hv lonsidiiinLI Ihe 
K lal lonsliips III Hum < I- nii iiU to oI Ik i i li iik ids in a<l|.ieenl ^loiips, 
KolloNMiiLf iK.iniiiiii in '•MKs .III \ .in.idinni. eliioniinni, <ind ii'an^ra 
IK se ; and no otlni 1 linn ids .ii< so iicli in \aiiii\ ot eoniponnds as 


ilnst, on .iceoind ol \.iiid>lt \.dtne\ and 

tr.msdion lioni basic to 

aeidie piopt 1 1 it s 

\\ it II 1 1 ( t)i \ .dt IK \ . 

It nmII 

now hi St < II t h.i 1 1 itami in 

is 1 he liisl ol a st 

IK > Ol tom ( it III! Ills 

Ol Int 

. if non IS ineliiih d -wit li 

\ an.dile \ al nev . 

. which III. IN l)(‘ thus 

e\pii sst 

>d : 

'i’l" 

'l,..l 'J’pv 



\" 

\ "' \ 

Vv 


( 1 " 

Cl'" 

— 

(VI 

Mn" 

Mu'" Mn*' 

— 

Mn'' Mn'" 

I-’t " 


- 

|.\M 


Sols dliisl i.ili d till 1 ( 1 d loiisiiip wliieli (il nil Ills Inar to lluir 

neii'-hhoiiis in suns as will .is in irioiip a f.iel wliieli Ixeonies more 
piomiiK id III ( Ik iiiiionolilK 1 laid li <^i i>ii|) 

'riie III hie ( jii.idi i\ alt iie\ ol eiinmi \\ould sum to inslify the 
(‘\cliision of tills ell nil id horn (Iionp IV alloiri Hkt, and lliis anomaly 
must now he eoiisidt n d 

IJotli hv natmal oeeninnee and llu piopi riles of main of its eoni- 
poimds eiiiiim is shown to In om of (he i.ire .ailh mi lals. ']'h(‘ line 
ot these metals hei,nns with se;mdiiim, descends (he tinid j^nonp Ihionirh 
yUimni and lanihamnn, (Inn passt s to cermni in the loiiiih aroiip, 
and theiiee tlnonifh jirasroiK mmm, ntod\mmm, sam.nmni, einopmm. 
Kadolmmm, teihnim. iKsprosmm, iihmm, Ihulinm, ylteihnim, and 
Inteeiuiii, to ianlahim m tin (lilh irionp. 

' -Mui^irii.iMii .tint Ki.ifl, Atin'ilni, J'niJ 325, • 

- i\.i>|i|N‘l, y.tit/iih untmj ( hun , iMIKS, ,‘i00 
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Tho existence of these nunierous, mul generally very rare, metals 
hdlweeri laiithaiiiini in the third groiij) and tantalum in the fifth is itself 
ail anomaly so far as tlie pei iodic law is eoncerm'd ; bill in face of this 
anomaly it is not surprising that cerium is not a proper fourth-group 
element. No doubt its allinities he with the thud giou]), as is shown 
by th(“ stabihiv of its leivaleiit eomiiounds. Consi (pieiitly llie flclailed 
descrifilion of this (‘liiiK'iit and its compounds will iind a plac(‘ in the 
vohimi' dealing with the third group. 

It IS noteworlhy that each of these* four elements fornfs alkali salts 
of the complex aeids lUXE,,, and that silicon, germanium, and tin 
lorm similar compounds. Thus, witli the* exceplion of c.irbou and 
possibly of lead, every element of the fouilh group foiiiis lliese complex 
iluorides, whicli may theTcfore be regaidcd as fundaminlally typical 
of tli(‘ group. 

Zirconium and tlioriiim resemble each oIIkt in forming coin|)le\ 
fluorides of oilier than the group type, but m every known halide 
and indi-ed in every known compound except Zrll^ and Zr^O.,, tiuse 
two mi lals aie (|uadiival(‘nt. 'I’liis is a remarkable fact for which the 
periodic law can piovidi* no parallel, and ihiTefori' no t'xpl.uiation. 
For it will be found on cxaniination that there is no othi'r ilennnt 
possessing a valency of four or more which docs nol exercisi* li ss than 
its tyjiical valency in .sonii* of its componnds. In the case of /.irconnmi 
this constant valency a|)})ears all the more remarkable whi n compared 
witli lhal of titanium, which resembles the succeeding (lement vanadnini 
III variable v’aleiicy ; for cohnnbium, which follows znconium, also sliows 
variabli* valenev. 

A comparison of the ti trachlondes Tit1,, Zr(’l 4 , (CVC'lj), and ThCI, 
will serve to illuslrati' the gradation of mil.illie jiroperlii s. 

Tilannuii telrachloride, Ti('l,, is a li(]uid boiling at which 

reacts with water with ( volulion of heat vitiding liisl 'rioO^Cl.^ 
then llgTiO,, by conipli te hvdrolvsis. Zirconiiiin tetracliloridi*, ZrClj, 
IS formed as a crystalline sublimate; it gives with water no crysl.illo- 
hydratc but, a soluble oxychloride, ZrOFI.^^ Jmcl, by dialysis, the colloidal 
liydroxide, Zr(()II),. 

Cerium tetrachloride, CeCl,, is unstable ; but thoiium tetrachloridi*, 
Tlit'I,, iiK’lts at S2(FC , and easily dissolves in water, but with evolution 
of heat, thus showing a vestige of cliloranliydride character ; it forms the 
crystallohv drati's ThCl 4 .SlFO and ThClj.OlKO, and I he oxychlorides 
Th(’l.,()II.7lI.,() and ThCl^lOII),-.^!!/), soluble in water. 

Titanium tetrachloride, Tid^, dissolves in conccntiated Imlrochloric 
acid, foiniing IIoTiCl^, which givos rise to a well-defined serii s of salts. 
Zirconium tetrachloridi*, ZrCl 4 , has a much feebler power of forming 
complex salts ; Na.jZrt'lg is probably formed by heat mg its constituent 
salts altogether, and pyridine and (pnnoline salts of the same tyfic exist. 

(Vriiim tetrachloride, Cc(’l 4 , forms com])lex salts iAl^tcClg; but, 
thorium tctrachloridi', ThCl 4 , forms no inorganic salts of this type, though 
corresponding pyridine and quinoline salts arc known. 

All these facts illustrate a gradation from chloran hydride characters 
in titanium tetrachloride to almost completely saline characters in 
thorium tetrachloride. 

It will be remembered that titanium is more tlcclroposilivc than 
germanium, the Corresponding element in the B subgroup. This 
rclationshij) may be expected to extend throughout both subgroups to 
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thorium and lead respect ivelv. Now, although load tetraeliloride is 
unstahle, it is a Ii<|uid and readily combines with ammonimii cliloikdc 
to foim ammonium plumhiohloiide, Its saline charaefer 

is sliown hv these t wo facts to be inferior to that of i hoi mm tel lachloridc. 

Th(;ielalioMslups of th(‘ o\v-compounds of (iroup IV A uia\ now' bo 
consideied. Tliey will be the easier to understand in view ol tiu' above 
study of the halides. 


^ ()\\ (’DMfOl \I)S OK (iKOtiP IV A 


Ti 

TiO, Ti.s. 

Zr 

' (h 

— 

I'll 

/'/.Op 'l'i(nll). 

'1 Ij) ) lUUi 

(l<H|l)|<' >. ills , ! If 

M.Ti (SOJ, 

/i^O, 

r,'/;,. (’noil), 

(’tS(»SO,)„ \.IIHHIS 

li\«li(i(('s .uni 

iloulilr Hiills, Imt 
no aliiiii 
(\(NO,)„ 

('i ,(('(),), 


Tift., 

'JiMIlDj /II ,(t 

/ift,, ZfO, 11^0 

(VO., (V(Oin, 

T/ift,, ’l’li(Oll), 

Ti(S(),)i,Ti()S(l, 

/r(SO,)3, ZiOSO, 

<V(SO,). 

'rii(SO,)j (\iuimirt 

ll\ill.ll(“s) 

K;h(S()j, 

K ,/r(SO,),. 
K,Zi.<),(SO,), 

K ,(’.|SO.),. 
2(\(S(),),(V,(S<),), 
Jl, SO, 2111,0 j 

K ,'rii(so,) 4 , 
K„Tli(SO,)fl. 
iii.;ii)(so ,)3 

Ni/no, Mn/hn,. 

' /r(NO,), 

(WNO,),. j 

Tli(\o,)„ 

Zi0(\0,).. 

' K,(V{NO,)« I 

K.'n.(NOi)„. Hp. 

1 1/ 

K,() 2Ti(), IVtj 

N.i_ZiO,, Cii/rOj NVilliri r<\(), 

HOI (VO^ w iioulic 

srrKiioxiDbs .\ni) wids 

Hii'.ic ( ai liiiiiati s 

k;iii(oo,)„ 

(\ii,);ni((;(),), 

'I'liO, liaM IK) at'Klio 
(UopClIll'S 

'I'lO , ‘Jl 1 .0 or ' 

(Zi.n,), /lO,. 

(’.Oj ill.O 

1 TI 1 .O 7 -ThO, 

'1 1(011'), II.O. rif 

Zr(fMI)(()ll)„ 


1 Thfo.ll),. 

Tli(OJI),(OII)., 

Tli(0,H)(()li)j 

No salt^ 

.Na,() /I'l j 0 ':)H,O ! 




The Lower Oxides and their Salts. Tilamum monoxide resembJi's 
<;(rmaiiimn monoxide m scarcely fonnni<( o\\ -salts, for bolli oxides are 
but fei-blv basic. Attention has already been drawn to tlie non-existimce 
of lower comjiounds of zireonium and llu»num. It is remarkable that 
this subi^rou]) furiiish«‘s no analoj'ues to the monoxides of tin and lead 
and ilieir salts. 

The Sesquioxides. — The si sipiioxides Ti/)., and differ in the 

properties of the salts they form. Ti2(SO,), differs fioiu the sul))}iates 
of Group III A, but resembles Vi(S()4)j, MiiafSO,),. Fe^fSOj),, 

and Cr2(S04)c, in forniiiif^ an alum. Thus tlie relationship between 
this scries of consecutive polyvalent elements is further exemplified. 
No nitrate or carbonate of Ti‘“ is known, and the snljihidi' Ti2S;j is 
formed only in the dry way. Nevertheless TigOg displa]^s no acidic 
power. 
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CcgOjj and its salts rcscinhlr the cornspondin^ rompounds of 
Group III A, and an* indoc'd l\|)iral rare- cavtli conipoMnds. Thiis the 
oxides ScjjO,, Y2OV La., 0 , and all lonn doiiMc Milpli.iti's which 

arc not alnins. 

The Dioxides. —The onkI' s 'I'lO,, /rO^. CeO^, 4 ind ThO^ show an 
increase of hasie power fniin 'I’l td 'I’li, and a eonespondnn^^ (liihiniilion 
of acidic pow'cr. Thus Ti’' aiul Zr" Ibriii delinile l)asie siilpliates, 
such as an* nol I’onned hv (’e*' and TIi*' : llionifli 'riifSO,)^ has an acid 
reaelion in soluhon and h\ dn)l\ ses e.me-snir.ir an<l nn lliyl <‘fei late, d'lie 
pow'c r t() form donhlc' siilphales, which jn'tsisls lo 'rji'', shows ihe presence 
of fec'hlv aeidie projuilies. Ti"‘ is iu>l known lo rorni a iiitraie or 
cail)onal(‘, ]nol)al)lv nol Ixinir hasie enoiiifii. Nili.ili appeals witli 
Zr'' and also a basic mliale, ZiO^XO.)^, as niit,dil lx* (\peeled : whilst, 
a cliaraeterishc ol (’e'^ and d’h'' is (In foimalion of the double or 
complex nitrates K j),, and K/rh(\Od(5 d'h" alone Ibrms a 

carbonate, which is basic, and se\ei.d (hmbh* earlioiiales. 

'rile aeidie propei In s of the dioxides are \ ( n iiisl 1 iiel i\ i Althoiiirh 
titanium dioxidi is much mon* basic than silica. I In I ilaiiie acids resemble 
the silicic acids. Orlholilamc acid can exisi 111 colloidal suspension, 
melalibmie acid is a <;eIatmoMs pie<‘ipi(ali Mach \aiii Iv ol acid foims 
sails, and phosphosilieales coiiespoiid lo lh< |)hosj)hol il.iiiab’s The 
acidic propeilies of ZiO^ are of Ihe rtiblesl diseiiplion I’lfsion 

of this oxide wilh basic oxid« s sails of som< whal nidi Imih* eomposilion 
arc olilaiiK'd, which an hxdrobsed b\ wat< r. \ smiilaiil\ Ix lwet'ii 
zireonatt's and siheabs is, howxNd*, shown b\ Hu (Xisluiee of si|j(*o- 
zirconales, K2(Si() ,,ZrO ,). ZiOj is a I'eeblc 1 acidic oxide lhan d'lO^, 
and with ZrO.^ acidic pioperlns < nd ; millur (’tO^ nor d’hO^ is acidic. 

The Superoxides, 'flic roimalion ol siiperoxahs, / /•. dui\ali\(‘s 
of hydroi'cn peroxide, in which I In* \al« nc\ of I In iik lal is nol inci eased, 
is a chaiactciislic which sharjiK diflen nliali's llu* nn l.ils ol Siilieroiip 
IV B Ironi those of Siibi^ioiip IV A. d’lial Hn j>ower lo Ibrin a siipcr- 
oxidc IS coniKcted with I he I'leclroposiln en< ss of Hu melal is shown 
Ijy the fact that the mosi stable siiperoxnles aie fornnd b\ Hie most 
electropositive im*tals, t.r. the melals of Hu alkalis and alkahiu* ( ailhs. 

lianHianum forms Ihc siipt loxub* ba^O-. .ind Ihiis the nulals ol' 
Group IV A arc connect(‘d Ihroutfh Hie Ihiid <^ioii]) wiHi the alkaline 
earth metals as regards this piopciLy. 
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CARBON AND ITS COMPOUNDS 


(' VHHOX 

S\ inl)()l, (’. Atoinu* wc iliIiI, 12 005 (() 10) 


General. 'I'hc rli-nuiil (Mihon is widcK disi i limit'd I hroii^hoiit the 
visd)l(‘ iiiin fi'sc. Ils pn st'iin' in tlu* cooli r si. ns luis hicii rt'\ I’lilc'd 
hy spcfti iiMi .ui.d\sis. Mild ils ctisinic dislnhiilioii is iiidicMlcil by its 
(X'dirri'iici- in milcoiibs. Most, d nnl .ill, ol* Iht' (‘Mrlxni in tlic free 
and coinbiiud slatr in lh«‘ \M>ild w.is oiii^niMlh prisi'iil .is atinospluTic 
carlinn dioxide, 'riicncc, llnonuli llu* nx'dnnn ol' water, il p.issed into 
coinbinahon witii b.isie oxides lo foini ininei.d eaibonales, which 
CMiisIdnle a eonsuh i.iblt' pail of (lu‘ enisl of llie earlli. With 
the appeaianee of Mixel.dili lih' the diniinniion of al mosplieric 
cailion dioxide (‘oninined, “ oiiranie " eoniponnds win* Ibrim'd, and 
caibon was hixialed in the toe sl.ile Hene< forth llie ('l(‘in('nl per- 
foriixd a Iwofoid Innelion .is llu* ni.ihiial b.isis ol Inniiif oifranisms 
and as ,i e.nin i ofeneii^N Tlx lornx r fniK'lion w.is jiossible lo carbon 
alone liecaiise of llie p.ii I leiil.ir de<;n i' of mliieilalil v ol eaibon dioxule 
and of the nnxpx' powtr p<»ssisse(l b\ this ileineiit of conibinin^j| with 
list'll’, and willi Indmi^t n, ox\i,xn. nitro<,Mi sniphnr, and other eh'inents, 
to form the inniinx i.iblt* eoniponnds of “ orijanie *’ eheniisiry. The 
latlt'i’ fnnelion di pi nds upon llx' f.iel that llx' rediielion of al mosplieric 
eaibon dioxidi b\ pi, nils is aeeompanxd by Ihe absorplion of solar 
eneri;v, which is Unis sloied np in wood, eo.d, aixl oilier (’ombnstiblc 
mati'iial, and is tlxn a\.nl<il>lt' in the foim ol solxi, litpiid, or (raseous 
fix'] to nx'el llie nianilold ix t ds ol hnm.ni ei\ ilis.d ion. 

Molecular Stale of Carbon. The \.ipoiis,ilion It mpt i.ihire of carbon 
is cxeeedin/^K liii,di, .iiid ('onsitpx idly llx- \aponrdt nsd\ of Ihis (‘lenient 
lias ix'\er lain .iset rl.imi d. (’.iibon, liowt‘\er, dissoKes in molten 
iron, and it would appt.ii (hat (Ins l.iel iiiii;ht fmnish a eryoseopic 
method of aseeitaniin^ ils moleenl.ii* W(ii,di( But a carbide of iron, 
and not free carbon, exisls m such solnlion.^ .\ hml of the molecular 
state of eaibon is <ri\t n b\ tlx' piodneixin of mellilie or Ix n/.ene-liexa- 
earbowhe acid. (’„{('()( MI),,. Iioni ehaieoal by oxidismt^ aj^x'iits. Since 
phthahe acid is dtiixed fioni naphthaleix' by oxidatxm tiius : 
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Roo/.cbooni. Zciturh phytikal Chem.. 1*MM), 34, 
23 
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iL limy l)c; iircsuiiicd tlial: bcnz(“iic-li( xaoarlioxylic acid — 

• • r cdoiT 


rooH c 
coon c 


\ 

C (’OOH 

il 

C (’OOII 


» (‘(‘OOJl , 

is dcTivcd hoin .i lu ii/riK* nucleus sunouiidcd by three ollu r bt ii/i-nc 
nnjrs thus ^ : 
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It IS possi))lc, tlKTcforc, thal solid carlxui is built up of Ix'uac lU' nuclei 
after Ibis fashion. 

Dewar - (len\(“s (Ik constiliilion of (he eaibon inoleeiih fioin niellilic 
acid, thus . 
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but .‘Vsehan * coiisideis that this view docs not haiinoiuse with Hae\er’s 
strain Iheors, .ind jiioposis the followinjr conslitution for the iiiokcnle 
of carbon in wcxxl charcoal ; 



‘'SiJinh/, Her., 1871. 4, S02 80) 
Dcavai Chrni iVfMi, (008,97, 10 
* A.S(,h<in, ('hem Zed , llHiO, 33. flOl. 
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Dmiioth aiul Kt*rko\nis,i liowi'vcr. hrinuf cv ukiic*!' lo show that a 
inokcnU* of carhon rontains (\r,-rmirs as \\rll as Ik'h/aiu* iiiiljs. Uan^ 
McvtT,- oM tlu‘ oilier liainl, ri'i^ards (Mch of llu' forms of carlion as an 
ai^i,Mr^^ilion of parhcks ol vauoiis sizes, and eoiist »|iientlv diseoiints 
the xaliu' oi llu oin s as io ilie sliiiefnie (*f the eaibnn mol( eiile. 

Vlilency of Carbon. I’ln slndv ol tlie eoinpoimds ol earhon jilayed 
a \er\ impoilanf ])ait in llu* (kMlojaiienl of tin doi-liine of xaleney. 
(’oiise<|iieiil upon his its«aieh(s on fnlmiii<de ol m(ieiii\, Keknlei 
addtd Io Fh< t\ p< s of (k rliaidl .inollu i hpe. Ih.d ol maish eas, which 
al liisl lie \M’(»le (‘.11 j ((’ h), hill- afl<-rwanls rceo-jiiisid lhat in this 

compound 1 alom of eaihon ((' 12) nHnlaiKs wilh four aloins of 
hydrof^en 'I'hiis, in t \lendini; lh(‘ doelime of \a!t ne\ which had been 
broiiijht foiwaid b\ l''ianlvland. Ik (hel.ind I hi lailion alom to be 
(piadi i\ all nl “ If we look al Ihe simpli si comjionnds of I Ins i lenu nt, 
('ll,, (‘II ,(’l, (‘(’I,. ( MCI., con, (*(),, CS,. and CIIW we me shuck by 
the fact th.il Ihe (pianhh of eailion which is eonsidind Iin cheniisls 
as lli(‘ smallesi ainonnl e.ipabk ol i visb nee ihe alom .ilwaNs binds 
four atoms ol a nionalonne or iwo (if a dialoime eleiinnl. so that Ihi' 
sum ol the cliemieal mills ol Ihe ikmenis combim d with one alom of 
cariion is alua\s e(jiial Io foni Wi* aie Ihiis h d Io Ihe opinion that 
c.iilion is blMloniie."* Kollie ’* and Fiankland .iiiiMii at similar 
ideas, as will as (‘onpii.*’ Io whom wi owe lhi‘ (\piission of ^n*aphiL* 
foimnhe by bonds, 

Kekiik' W'as an aihocale of conslani \alenev’ Aeeoidinj,^ Io him 
the " aiomicil \ of tin i h nn nls is a fnndann nial pi opt 1 1 \ of th(‘ atoms, 
ipiib asiimdltiabk as linn aloniie weiLdils ” Tin n fou* Ki^kiile could 
not admil llie Nakiiev ol caibon (wer Io be less lhan foiii 

On tli( olhir hand. Ihe \,dencN ol man\ eh mi nls is know'ii to be 
\aiiable, and Io use Io a ma\minni corres|)ondini; Io lh(‘ iriouj) of the 
piiiodic s\slem to which Ihe eh mt nl in (jiieshon bi lonijs. W’helhcr 
or nol carlion is e\ei h ss lhan (piadin ah nl ma\ Ihtitlore be dis- 
cnssi d. 

In caibon monoMdi* tin eaibon alom is nsnalK eonsiih red to be 
bi'. aleiil. Ihus; (‘ () . and Keknh' and Kolbe iteoneihd this belief 

with the Ihi or\' of conslani \alenev, b\ assninmij thal lln Iwoiemaimiiff 
carbon \ ak neies salislii d each olhi i Sinci il was diseo\ eied, however, 
lhat owi^eii may be tpiadii\.ileni,‘* il has been assnmt d lhat the four 
carbon valeiieiis an salislied Ihus (’ (). thoui^di it dots nol apjicar 

how' these four valenens, which an snpposid to lit diiieled Ihroii^di 
the anj^ular ])omts of a Itliahedion, can be so I'ai “sirained” ns to 
nieel m a single alom of ow^jt n. 

Knen(P modilics this mcw' by his Ihtoiy of labnl \ahneits, and 
assumes that the four carbon valencies aie salislied vvilh two free and 
two latent oxv^eii valencies 

^ Diiniotli ami K(*rkt>\ iiH innifltn, l‘irt, 399, 120 

2 H.ins AIcm'T, MoutiNh , l‘U 1 , 315 , Itill 

“ Ki’l iilc, l.sr»7, lOI, JtM), 104, 120 

* KcKiilc, / rhn die Kimditiilnm uml du n dn < hi hm I'lrhindiimjen 

und ulxr die chinnsihe \iiliii di huhU mtofj-t, ISoS 

Kolhi', Anmh-ii, iKriT, loi, 202 

® Cniipcr, ('oinpl tend , IS'.S, 46 , 1157 

’ Kckiilr, Ziil^ih rhetn , isiU. p (>80 

* Oollit' anti '1 u kli , Ttum < him *Si>r , 1800, 75, 710 • 

» Friend, Tratus. Chem. Soc , 1008, 93, 2l)0 , The Thevrij of Tatc/ay (Lon^'mans & Co ), 
1909. 
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■ The validity of ttie^o theories is contingent upon our knowledge of 
the .nature of valc'ney ilsedf. MeanwhiJe it is pertinent to ask whether 
'any real eheinieal difference is indiealed lielwecii the formula' C—O 
and C 0. 

Fulminie aeid may he re^rarded as the oxime of carbon monoxide, 
and so may eonlam hi\alent carbon, thus: C SimihTr iso- 

nitriles and isoe^ anides, (' N It, may contain bivalent carbon; also 
^hydroevame acid ilself if, as is possible, it has the const itul ion Il-N=-C. 

If. Inmiver, nilnjifen is assumed to be <piin(|ue\ali‘nt, carbon may 
still be (juadrivalent in tlust* compounds. 

In the year 1900 (ioinb(‘rtr “ discovered “ trijdu-in Jniethyl,” to 
which lie alinbnied the formula "•n^ff^asf m^r tJiat carbon 

ister\alenl m this compound, 'rseliitsehib.ibm * regards tiu' ecunpound 
as he\aplien\let}ian(‘ C(Cftn-)^, and this view is su])ported 

by tlu' ri'seaiehes ot Iheeaid * and ot Sehlenk and his co-workers,® 
from wlueli* it ajipeais fairly certain that m the solid condition the 
compound corresponds to the donlile formula, whilst in solution m 
orjranio iKpiids it elissociates into tnphenylmeth\l. 

A number of carbon compounds exist, m each of which an atom of 
carbon is attached to fewer than four other atoms or <,uoiips -one of 
W'hich, liow'ever, is anofln i cailion atom. These* e-ompounels are* ail 
unsatiirate'el ; that is to say, 1he*\ easily cemibme* with otlu'i* atoms or 
grou])s to jiioduei* cemipeamels in W'hieh ('ae*h of their carbon atoms lias 
four separate ])e)nits of attaclimeiit. It is neit usual to iii^arel tlie; 
vale*ncy of carbein in the*se* ceimpouneis as less than teiiir, deaible eir triple 
bonds beiii^f e-mpleneel tei satish the* \ale*ncu*s. 

The* sini|)le*st e*x<imples eif siie'li ceinijieiunels aie* cth\le*ne, Colfi, and 
ac(*l}lene*, C'^IIo. nhich arc usuallv ie*jnese*nle’el thus : 

li ' II 

II 11 

Ne>w it is ne)t lustiliable* to mtre)elucc double and triple* beniels 
in order tei satisfy a pre ce)iu*e*iveel eipmiein that carbon must ne*e*els be; 
quaelrivale*nt. IImrie*hse*n,'’’ mde’e*el, e)b|e*cts to the* use* of elejuble bonds ; 
and if vale*ncv is re<xareleel simply as the* me*asure* eif the numbe r eif eitlu'r 
atoms or ^neaips with Ashie-h an atemi is ceanbineel in a ])artie*ular com- 
pound his eibje'e'tiein is \alid, and carbon be*comes te*rval(*nt m e*th\le*nc 
and bivale*nt m ace’lvlene* ; and it mij^dit even be urjred that both carbon 
and oxyjri'u are unnale*nt m e'arbem memeixiele. 

To discreelit this vie*w', there*fe)re, it is iu*ccssary tei slmw' that deiublc 
and triple bonels have* more* than a picteirial siernificance', and this 
can easily be* elemc. 

Thus the* pote*nlial vale‘ncie*s of the* two carbein atoms which reanain 
inoperative in e*thyle*nc, tor examph-, are* neil inde pi*nelcnt eif c*ach oth(*r ; 
one cannot be* saturated witheiiil the* eithe r, sei that nei such ceimpound 
as Cllg — CdIgCl (*xists. It may be* that the saturation of both carbon 

1 Nt*f, Annaloi, ISilt, 280, 303 2 litr , 1000. 33, 3150. 

“ TRohitM-liitMlnii, /.Vr , 1001, 37, 4700 ; 1005, 38, 771 

* ]*ict*ar(l, Annahn, lOlI, 381, .31 

® Rchlriik. W'cK’kcI, anel Jt<*r/<'nstoin, Aiinnhn, 1910, 372, I i 

• flmiirhse'n.^ci/xr/i ^i/rt/Adri/ rArwj , 1002, 39, .305 ; AnnaUii, 1004,336,176; Ueber 
den gcfjf?itrdrUgcn SUt7i<I (hr Yaknzhhre (Stullgait, 1902) 
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Atoms simultaneously is nceessarv for mol(‘euljir stability, but if -so, 
the faet is lu tter (‘\})r(‘ssed l)y the doubb* i)orid I ban by n pifs^Mitinpf 
eaeh earbon atom as separately li r\ aleiit. Moieov er, \\ la ti I be eli uieifts 
of a balo^^en bvdraeid are remoxed from .iii allvxl b.ibde to j)roduec 
an unsalurated li\ dioearbon, it is always two ad|aeeiil eaiboii atoms 
W’hit*li yield thes(“ (bmeuls. This would not appi.ii in eessary on the 
assumption that nuif earbon atom m a earlxHi eb.nn nntibt beeome 
tervah'ut, Imt is lu'eissaiy li loss of haloiren bxdiaeid iiuob^'S 
double htika^n* bet w'(*en two ad|.ie(nl atoms. PiofixIiiK, foi (‘\ample, is 
foruK'd by the (‘liminalion of III fiom ( ilher iioi mal oi iso-prop\ I iodide, 
(*ll^ ('II2 (’II,[ or (dig cm (’ll 5 ; eoiiseipienlly piopxlem' must 
eonlain a mefhxl (CII ,) j'lonp, and eannot lu* Cll^ CHi CIl,. lint is 
nec(‘ssaiily CII. CII-Cll^. 'I'lins it is two adpieenl eaibon atoms that 
remain niisatnrali'd m ])iop\hnt‘, and this fail ina\ Ibiufoie b(‘ ex- 
pressed by tb(‘ donbl(‘ bond, and the formula for piopxbiK' b(‘ xvritteu 
(dl, CII CII2. 

ddiat the mod(‘ of hnk.n^e b. tween two ad|ae< nl eaibyn atoms w’hieh 
an* nnsatnrat(‘d is realh diftdiMit fiom (hat bet ween eaibon atoms winch 
an* saturated is shown by the fact that when oxid.ilion wliieh m\ol\'(‘s 
rnpinre takes plais*. (his nipt me alwa\s oeems al the double bond. 
Tile rekdixe xx<‘akness of (he double bond is aeeonnied lor by Bai'yer’s 
tension or strain thcorx, to xxhieh reference will sboillx' la* made. 

If earbon is admit led to lx* (piadrixah n( m nnsatnrated eompoimds 
siieh as the aboxe. (hen, with (In* l“i w exceptions alnady considered, 
earbon js alxxaxs (piadnxaleni ; for it d(x*s not apjxar that tin* valency 
of this e](*nient <‘X er ( xeei ds four 

N(*xertheless ddiiele ’ has inliodn(*ed a tlnorv of funlud vah'nneft 
to aeeonnt for tin* le.ietixitx ol atoms [oined bx double lionds, and 
especially of such (*aibon aionis in (*ham and iiiilt eompoimds. 

An (*\ample of tin* rediietioii of a ehaiii eomponiul will illustrate 
Thiele’s llu'orx. 

Mnconie acid : 

(’OOII CIU CII CII- C II (OOll, 
yields on partial ndnetnm: 

(OOll ('II2-CII CII (’ll, (OOII, 
and the jiroblem is to ;ieeonnt for tin* leinainmir double Ixnid, taking 
lh(* eenlral position in tlx* chain 

Aeeordmg to ddin le (In <Mibon atoms possi ss pailial valencic.s 
over and aliove then ipiadiix aleney, which an lepitsintid thus: 

CII CH'cII (’II- 

d'he partial valencies of adjacent earbon atoms are, howexer, conju- 
gated, and the aboxe sxstiiu may be repres(nl<*d thus ; 

CII cli -cji CII - 

So the way is jm-pan-d for the appearance on reduction of a double 
bond between the eenlral carbon atoms, thus ; 

— CIIjj-CH Cll-CIIa^ 


* TIiicIc, Annalen, 1899, 306, 87, 
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■ Thiele lias also applied his theory to the constitution of benzene, 
v^hicb aeeoidin^' to Kekule’s formula — 


1 



shows a difference betw'ec'ii tlu* *2 and 0 positions on account of the 
arranjifemenl of the double bonds, unless these are su|)])osed to oseillate. 
Thiele introdius's partial \ahneies to eouju^ate the carbon atoms 
united by siii^de bonds, and thence derives a svmmetncal formula, 
thus : 
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This, howe\(T, appears to amount to making? carbon fpiiiupic'vah'nt. 
T.sehitsehibabin ' has diseiissed the various explanations which lia\(‘ 
been jriven of the unsat mated eharacter of the carbon atom in differtait 
classes of oii^aiue compounds ; and eonclud<‘s that the mimerieal value 
of the valency of an atom is siinplv expressed b\ th(‘ number of other 
atoms with which it eonibmes. Thus, for example, eaiboii beconu's 
tcrvalent m elhvlene and bivalent in aedylene. 

The (piestion of the ecpiahly of the four carbon valencies may lx* 
briefly inenlioned. It has bnai investi‘,Mted by Popoff - and (ieutlur,® 
and by Henry,'* who proved tlu* eipiahty of the four (>arbon vahaicK's 
in nitromethane by preparini^^ this substance by four distinct processes, 
so arraiiired that a dilfercnt livdio^a-ii atom should be niilacid m 
each process. 

Tl^e (piahlalive aspect of valency may lu‘re be considered, so far 
as it applies to carbon. 

It is well known that many elements display reciprocal jiowers of 
combination with oxyi^en or halo^rcn on the oiu* hand and hydro«^xn 
on the othi-r, the sum of the valencies in the two classes of com|)ound 
bein^ equal to «. Thus there are the following compounds : 


S1CI4I 
S1O2 ) 


■ pir • . CTT 


CI 207 :C 1 II. 


IlaviiiK rej^ard to these relationships, Abejra s introduc(‘d the theory 
that every clement possesses a maximum valency of 8, nuule up of 


^ Tsohilsclnbabin, .A Ru'i't Phi/f Chem Sor , 1911,43, 

“ Popoff, .innnJrn, IHOS, 145, 28.'1. 

® Oeuthor, Anmh n, 18S0, 205, 2J:i. 227 ; 1S83, 218, 12 , 1887, 240, 192, 22,'i 
‘ ITcnry, Coi^pt rcml , 1887, 104, 1100; Zeilstch phyaikal Chun , 1888, 2, 05, 1. 
* Abcgg, Zeitsch anory. Chem., 1904, 39, 330. 
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positive and negative or normal and contra valencies, as in the follow ing 
scries : 

Na Mg A1 Si P S ( I " " 

Normal \ aleiich s | 1 4- 2 I *1 . -■ - 1 

Coni ra valencies —7 (> -- 5 — -{5 : n | 7 

111 the lirst three cleiiunls of (his series the eonlia \ ale neies arc 
latent, in the last three they eoi re's^iond to th * peiweis of eennhinatie^i 
of tlu‘ e/einrnts with ludrogeii. Silicon, oeeiipMng a eeniral position 
ill the senes, has normal and contra \aleiieies nimii iieally eepial, as 
sliown, for example*, in S1CI4 and Sill,. New e rl In le ss, judging by the 
relalne slabililie-s of the* eompoiinels, the xale rieie’s of silicein, as 
manifeste'd tenvards ehle>rme‘, arc stronger than llu* - \alencies, as 
manife'steel teiwarels hyelreige'ii. Neiw as regards esirhon the* p and — 
valencies appe*ar to be, neit e>nlv mmurie-ally eepial, but also e'epial in 
strength. It was this fact whie*h l;iv at the* basis eif Dnin.is' elcmem- 
stratiem e»f snlistitntmnj In wlne*h it w'as shown lhal e*hle>nne* could 
displace* h\die)ge*n from a carbon compound wilheml elisinrbmg the* 
slabihlv eif the* eomjieninel eir lunel.nne n(all\ alte nng ils nature. And 
not einly can earbeiii team slalile* e'ompeamds m whie*h ils atoms arc 
linkeel wilh hvelieigen eir chleirine eu* beith, but .ilso stable com|*ounds 
conlanimg o\\ge*n, nitre)ge*n, sulphur, anel other elements, including 
me*tals ]ome‘d to eailion. 

Meire* funelame ntal, pe ihaps, than the* powei peisse sse el b\ carbon eif 
tbiimng stable compenmels with such a Narie tv of e le ine nts is that 
ejuahtatne* propeit) e»f the* carbon \al('ncics which enalilcs tlie atoms 
eif this cle ment te) combine* with one* aimtlieT m e-hains anei rings. This 
[ireipe'rty, which may p' ihaps be* re*gareled as a mamfe stat ion eif neutral 
liilher than -{• has bee*!! shown bv Mailin tei be* eleeiuciblc 

Ireim a stiiely of llie allmitie s eif the* e'leine nts e>l (lie* se ne s wliu’h contains 
carbon. 

I5y colle’cting the* tlu'imal anel eithe-r data icgaieling the* combination 
eif each eif the* .leine-nts with as manv eithe’r elements <is jieissible, and 
e re*clmg j)e r|)e*iieh(*iilars re pre se*ntmg allimties, as slmwn by he*ats of 
feirinatiein, stabihtie*s, e-te., frenii the* le)e*i e>f the*se* other e'le nie nts ein the 
pe-riodic diagram, Mai tin has proehie*eel an “allimtv surface* ” feu* each 
element, a glance at which shows the e*leme*nts with which a particular 
ele*me*nl most reaelil\ combine's. Thus m the senes I.i K the* alliiuty 
surface* eif lithium rises to a ma\imum altiluele* e>\er llueinne* and the 
other haleigens, but em ti.iveismg the* series te) the* light the atlhiity 
pe*ak is seen te) tra\e*l to the* le*ft, till in the* case* of tlueuinc it rests over 
the alkali metals. The* alliiuty surface tor carbon shows a steep p(*ak 
e»\cr carbe)!! itself, and a le*sscr altitude* over e)\yge*n. Thus it «appcars 
freim the alliiuty .siiiface* fe)r carbeui, anel ceinse qiiently from the* experi- 
mental facts e)n which it is constructed, that this element manifests a 
greater alliiuty for itself than for any other e*le*me*nt. In this respect 
carbon is quite alone; anel thus is furiusheel a striking commentary 
upon the* eonibming capacity of carbon atoms for e ach other, on w'hich 
jireipe ity more* than any other the* facts eif 01 game chemist ly are based. 

There ivmains to be conside*i(d one* either aspee t of the valency of 
‘ liiimaH. Ann ('him Pki/,s , 1S;14, [iij, 56, 113. 140 

® Maitin, li( ftcai 1 hi ,1 un the Ajfinilieit of the Elenunts (T’hurchill)^, 1905, p 187 See 
this senes, vol via, pp 111 et niq 



80 CARHON ANI) ITS ALLIES 


the carbdii atom, i.e. the direction in space in which the units of valency 
aye exercised. Tluit the\ do nol all lie in one plane — beinj^ directed, 
for cxaTn))le, towards the eornei'. of a scpiaie is made evitlent by the 
non-existeiiee of two di-den\ati\es of nuth.ine, which niij^hl be formu- 
lated thus : 

X X 


< 


II - C -II 

I 

X 


H-__C_-X 

I * 

II 


Kekule, m IShT,^ suifi'esled that the fom \aleneies end iii tlie faeis 
of a letraludion; Pat( rno,- m iSOt), evplamed the isomeiism of the 
compounds liy assuming that th(‘eai])on vahneies arc' diiccted 

towards the corners of a ti tralu (Iron, and m the same year.!. \\ islicenus “ 
spoke of “Cheinisliy m Space”: whilst in 1S7 1 I.e Rel ■* and van’t 
Iloff,® thi' former a diseipli* of I’asleiir, the latter of Kekiile, estab- 
lished the sleieoehemie.d tiu'ory of tlu' carbon :itom hv einploN inir it to 
explain optical isomerism. 

Aeeordinj^ to \an't Holt’s jiresentation of the Iheorv, tlu' eailion 
atom appears to lx* a point at thc' centre of a niriilar Itlialudron, 
towards I lie ani,mlar points of winch tlu* \aleneies act as four e(|iial 
forces. It has been siiown, howcMr. b\ Auwers ’ tliat this view is 
mcchameall\ ina(l(‘([uate, foi two of the forces acting fiom each carbon 
atom thus: 


‘ \/ \ 


would be resohed atonic a slraii(hl line joining the carbon atoms wlu'n 
umou look place, thus : 


This, however, is not the case, foi the double liond betwcc'ii two carbon 
atoms cannot be repiesmted as aetiiiif aIon<f a single hn<‘. 

Le Hel ” has eonceivid that each of lour atoms appioaehinf( a carbon 
atom is bounded m its mlluenee b\ a sphen*, and that these s})heres 
meet each other around the carbon atom just as four eijual sfilu res 
may lie ai^ainsl each oilier, so that lines joining tin ir centres form a 
!!^ilar tilrahedioii. d’hus tlu' valencies act as lielbre towards the 
ii}^’lar points of a teli<diedroii ; but the carbon atom at its ce ntre is 
lot uce.i^ssanly a ])e)int 

The Teaision The-ory of Rae*yer,® which has been of much 

/aluc in the ^ e\ehe carbon compounds, is e'Xpie sse el as leilleiws : 

“The four ' iIi.uck.s of a carbon atom act paralle-l tei Iiiks joining 


. Kekule, Z;"''-'' • , iK„7. ^ y 3, 217 

s I’atorno, ,r.r Xalnmh o/ ICom , \»»1 v, J’alnnio, (iaz-jtia, JSIKJ. Ua 

3 Wishconns, />fr , O'*’ s , 

^ loiChTnieu .see also J. Jl vunlWull, The AtjangritK nl of AlunH 

Spare (l.ongranns, IS.IS) 

i -If 

» Bacyer, Ber , ^^2 - 
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the corners ol' a tctrahetlron with iK eeiilre, niiikini^ an ani^lt' of 109° ‘28' 
witli one another. 'I'he dirc'etion of Uu* valeiaacs (mu I>c alli 
any sneJi alteration piodnei's a strain whose .iinonnl is pioporlional 
to the aiif^le thronuh whu'Ii tlie xalc'iieus an* diMitcd." 

'rile above biief aeeonnt of the sli leoelu mist i \ ol earlxm siilliees 
to slu^v lh(‘ Inns on wineh llu‘ Iheoix has de\e]opeii. t'or the appliea- 
tion of the llaoi) l») the eonslilntion and pioperlus ol earlioii coni- 
lionnds, books on orijanie ehenuslry nnisL be eonsnlled. 

ALLOTKOPIC FORMS OF CARBON 

Cailion exists in two distinct er\slalhne loims. Di.iiiiond and 
(h'a|)hili‘. as well as in (h(‘ .iiiioi phoiis slate* 

DlXMONl) 

History. Dianionds have* bee'ii kneiNvii anel vahie‘d frenii antiepnly 
feu* then Inillianee* anel haielne*ss 'rhe*\ were* liisl e-alhel Aelainanl 
whe*nee' diainannt, diainani, diaineind in \.i>. l(!. PIiiin, a.d. TOO, 
refers tei the ehamemd as “ the* most Nahiabh eif ijeiiis, kiieiwn only to 
kinees.” 'I'he* <re*in was preiliablv imkneiwn lo the* e ail\ I It hri'ws, allheaigh 
the word is appluel in Kxexlns \\\i\, 11, lo an e nj^M'av eel sleaie. 

Diamonds we ie* liist eliseo\ e‘re*d in the* sanels of India, W'he*nee‘ they 
were broiiirhl tei Knreipe* in tlie* tune* e>f the* Reimans. 'I’ht ii beauty and 
rants ‘..Mse* rise (ei the* snpe'islitieais be*he f that lh< \ eemid as e rt insanity, 
wall! e)il' the ellee‘l of poiseai, anel lestea e* dome st u* peace*. Diamond was 
at xme time Ihemi'hl le) Ik* a Idssil le'sin eir an “ mu'tiioiis sohslance 
eeia^mlateel.” On this aeeeaint Newlein be*iies'e*d diamond to be* coni- 
bnslibk*; and the* lae*t was first pie)se*d l>\ the* Florentine* Aead(*mi(*ians 
m 1(>9I<. It was e>bsi*r\e*(l m 1751 th.it elianiemds ehs.ippe .ir when heati’d 
in a furnace*, sshile* lulaes lemain nn(*han<re*d ; bill l)aie*el and Roiielle 
sheiwe'el m IThh tliat this is ne»l the* ease* it the* preeieais sleines are* lir.sl 
])laee‘d m a lu ime tie*ally se alee! sessel. Mae*epie*r, Cade t, anel Lasoisier, 
abeaiL 1771, ])ie)se*el that di.ime)nel nneleiireMs true ceimimst ion, biirniiifr 
svilh a llame* ; aiul, in e*e)n|imetie)ii ssith Riisson anel Ranine*, lhe‘y 
j^nite'd eh.imonel, e onim* d wil h .nr os er mi*rc*iiiy, bs me ans e>f a biirnin^- 
^dass, and sheissed the toim.ilieai e)f eaibem ehoxide*. 

'finis (he* nature* e>l ehamonei ssas e slabhslie el ; whilst its e*lu*mieal 
lelenlits with ehaieeial ss.is jireiseel b\ Smithse)n Tennant, ssho m 1797 
ol)tameel e epial sse ii,dits ol e.nlion (Imxule IVenn e-epial we lights of (*hareonl 
and elianuinel. laistls, vSir limnjihry Dass showeel m ISl !< that the 
earbein duixiele* })ie)elneeel bv biirniiiir diaineind is pine*, (*e)nlaininf; no 
svater ; and therefore* Ih.il diainemel (*e)nlams no hsdrei^e n. 

Occurrence and Mining. -i)iame)nels base* lieen found in India, 
Brazil, Seailli Africa; also in Beirnee), Australia, 'fasni.'ima, Xortli 
America, (imana, anel the* Ural Menmtains Ineha svas the* liisl diamond 
Held, wlie-nce* all Ihe steaies e*.nne in aneie*nl times, 'fhe industry was 
eentreel in (h)le*e)nela,.sshich ssas a tbrliess and marke t for the* j{cms, 
and jrave its name* te) the* aelj.ice*nt mines Tin* discos cry of diamonds 
ill Jlra/il in M'lrt struck a blow at the Inelian melnstiy. Ti-piee), after- 
wards name'el Diamantma, in the jirosinee eif Minas (Je rae's, is the* most 
importajil Brazilian ee*ntre*. It is situate-d em a monnlaineins plateau 
consistini? of laminated micaceous reick, tlexiMe* sanclsteme* called 
itacolumite*, and conglome rate*, 'fhe* diamonds arc found on the* [ilatcaii 
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and in the river j^ravcls })(‘neath it. Since 1814 diamonds have also 
beev found m the nei<,dil)oniin^r ])ro\inee of Rnhia. In ]S()7 a pebble 
with which a child was jdaMiifr on llie banks of tlu‘ Orani,^' River was 
discovered lo be a diamond, and two years afterwards a stone weitjlim;,^ 
carats, found in the same Joe.dil\, was sold as tlie “Star of South 
Africa” for t2.),0()(). “Ruer di^^iriiiffs ” eommeiiei'd and the South 
African industry Ineanu* eslaldishcd. Resides oeeuvriui; in allinial 
^cposits, diamonds are found in South Africa in a kind of elav, called 
‘yellow' earth,” lifty hst thick; and in a bluisli-^rivLii rftek of tJie 
nature of serpentiiu', known as “ blue ^rround,” w'Jiich occurs beneath 
tlic “\ellow earth" at IvimlK'rk'V and Dutoitspan. 'i’his “blue 
^roiiml ” is in fumu'I-shaped dcfiosils or “ pip(‘s " which aie supposed 
to liave been prodnc(‘d by volcanic outbursts during the cretaceous , 
period. FornuTly the earth was brou»,dit u]) from the* open mines in 
buckets sw'un^ on rop(‘s which foimed a netw'ork overhead, but on 
account of the elansrer from landslips this method has been siijiersidrd 
by the smkmjr of shafts tluouiih tlu* adjacent rock combined witli 
tunnels. After concent i at ion lh(‘ earth is waslu'd dow n a j^reased 
surface lo which tlu' diamonds adhc re. 

Description. -Diamonds \arv tp’eallv in size. The (‘ulhnan diamond, 
the larirest eve r found, which was discoNcivd in lOOa m the vellow i^rouud 
at the Rremiei mine, m the Transvaal, w'ei^^died 3()2.rJ carats ’ ( 1 ^ lb.). 

Rou^h, small diamonds, consislmi^ of impure custals or fraynunts, 
arc kimwii as Hurt or lUunt ; black di.imond is Cmhuiuulu. A speemun 
of carbonado found in Rahia in ISO,) w'eii>hed 3078 eai.ats. 'Flic most 
valiiabh* diamonds, those of tlie “ |)uresl water, ” are colourless, trans- 
parent and brilliant. One of the most be-autiful of these' is the' IMt or 
Reirent dianieiiKl, wei^dmii( 13(1 2.> caiats. The celebrated Koh-i-neior, 
a British crown diamond, which came' freaii India, origin. dly wei^lu'd 
18(1 carats, but w'as reduced by cuttmi( to 100 carats. Dianiemds ma\ 
be cloudy or Imte'd ^U'e v, yellow', or breiwu ; they may also be' coleiureel 
red, e»r('en, or blue' by trace's of me-talhc oxide's. The' Hope* diamond, 
which w'e'iijhs V\ \ carats, is blue', and is worth t*2.'5,000. 

It has bee'll diseenere'd by Saccrdeite that exposure' to cathode rays 
deepens the' oiijrmal colour of the' dianieaid. This (lecpe nini; eif colour 
appears to be pe rmane nt at eirdmary le'inpe'iature', but expeisure to 
a temperature' of 300’ 1-00° C\ converts the* ebamoiid to its ori^nnal 
colour. 

Physical Properties of Diamond and Carbonado. --r///.s/u/////c Fotm. 

— Diamonels are- ofte n lound in jie'i le'i'l e'i\ stals which Ix'lemir to the' re iriilar 
syste'in, be-inuf modi(ie*ations e)f the* te fr.dieelron eir oclahe ehem, such as 
the rhombic doeli k.du'elre)n, lu'xakiste liahedron, and he'xakiseiclaliedron. 
Soiitli African diamonds are gi'iierally octahe'dral, Brazilian culiical. 
Sometime s mierpe ne tiation or twinmnir of crystals is obse'rve'd. The; 
faces of the' cr\ st:ds are ofte'ii rounded ; the fracture mav be- ('euichoidnl. 
Clcavaeje' alse» takes phu'e' alein^ dire'ctions paialle'l It) the' crvslal faces. 

It is the woik of the* l.ipidary to cut and j)ohsh the' eliamemd so as to 
de'velop the' brilliancy of the' cr>stal faces. This is deau' by jiiessinu; 
the surface' e>f the' stone ajjainsi a revolving; metal wheel on which is 
diamond dust mixed willi oil. 

^ Carat (KejxiTLnv) •=• the seed etf St John’s bread, formerly used for wights. 1 
diamond carat -r IH? grants oi 0 2U.')l grm. 1 oz troy — Ifil 5 caiuts. 

* Sacerdote, Compt. rend., 1909, 149, 993. 
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Hardness . — The diamond is the hardest kno\vn sMl)slanec ; it is' 
“adamant.'’ iK hardness is reekoned 10 oji llie miiicridofrisl’s seaFe.^ « 
Neverlheh'ss nn l.dlie t.mlalmn and its alIo\ eompcli' \\i(h diamond in 
liardiK'.ss, and Irn ide and ‘'ila-nh o! earhon dn\Hi«‘ I he dianmnd. Dil’h rent 
di.inionds dili. i in li.udmss: e/j. those I'loni I’kiiiko ar. said to be 
harder^lhan lliosi' lioni Aiisli.di.i, and Aiislialian diamonds an* liarder 
than Ai'iican. Dilhnnl l.uss of tlie same diamond also (Idler in 
hiardiKss. Caihonado is liaidtr lhan eolonrless dianmnd • 

Doisifff. — 'Die dciisitx of llie diamond appioximati > al almospheric 
temjieralnrt* (o iJ .5, (In Iiil'Ik-sI ol>s(i‘\i‘d \alii(‘ h< m^ •tad aiut the 
averairi' ahoiil ;> T):* Caihonado, \\hieh contains ahoiil 2 per eenl". of 
impnriK has a (h nsi(\ of .‘5 to .‘1 .‘5. 

Ophitd Pf(>(>titir\ -Tlu' Inillianl Inslri' and pla\ of colours exhibited 
1)\ llu' diamond an dm to ils hiuii refiaeliNc- and ‘lispiasive power. 
Th' i» I’laelnc index ol'diamond I'oi sodium li^hl is2'H7. d'he brilliance 
of lln 111 is due lo lolal nlli'etion of lit»iil wilhm il on aeeounl of its 
hi'di nlVaelive [Kmer, foi hufhl meiddil al the siiilaec* liom uilhm at 
an amdi '.p’laler than ‘Jll is n lleeb d h.iek mb* (he slum 'I'he eorre- 
spondim^ aii'de for i^las, is I0\ . The dispeisiM' pouir ol Ihe diamond 
is shou II l)\ j'oiiipai im^f ils i< j'raelive indices tor n (1 and him' liLjIit, which 
are *J lO'J and 2 100 iispeeli\(K. Diamonds aie soimlinii's doubly 
retiaeliM on aeeounl of int* mal sham Crom the sanu' cause' they may 
ex))l()d< spontaneoiisK . Di ii.iond shows ahsorpi ion hands, and those 
al the hliie end of Ihe spcehuni are su])posed lo he diit' lo souk* rare 
eleim 111 such as samannni Diamond is iiaiisparenl to Itonl^u'n rays, 
lo wliK'h pasle nnilaljons an* opaipie. 

Iioxle, in KWIJl, ohsened thal diamond ])hosphorese< s m Ihe dark 
by fuel mil ; it is luminous also aller (Xposiire tr) smiliLrhl, and j)hos- 
plion SCI s si roiiirlv nmh r Ihe mllmneeol kalhodi*, Konlein, Ih'ecpierd 
and ividjuin las's. 

The radi.dion sp<'el.um ol diamond «;lo\\in<i m a Crookes' lube is 
conimuous. willi inlensni lines m Mie < n al .*>.‘>7 «/<, and m Ihe* blue 
al al.*} nil and .)(k‘} im * Diuinif Ihis trealmeni Ih-* slom* fx'eomcs 
siip'-i lieialh eoloiind an<l ehanuid into jriajdiile/' and IIk' same* effect 
IS j)iodue« d h\ lln pinloiiL^* d ael mn of radium. A pah* \ elloNV diamond 
A\as ehaimid lo hiuish-yn<n whin uni’iddfd m ladiiim hionude for 
e le\ e n \\i ( ks. 

TIk' (‘orfl'h wnf o/ lni,iii of tlie diamond is 0 00000118 at 

‘10" C. and 0 000001 .J:' .il "iO C,,*' and hi eoim s eoni muou' 1\ less as the 
lempcialiire falls. 'I’h* < e/z/y/zeswA////// b. Iweeii 100 and .700 atmos- 
phen'i Is a 10 ’ \ oi aim 

The .speei/ir //( a/ ol di.mmnd varusimu'h wilh 1e mjieral lire'. Aceord- 
iiifj to II F. \Vi hi 1 ils \;ilm m.i\ he ealeiilate'd from Ihe mler^iolation 
foimnla 

'>t -- 0 00 { 0 00000 \t - 0 oooooo;i(i/‘-. 

^ Moll’s s(,ilc, liiim 1\ ii>ii( l)v imiii I I'l as hillow-^ (h 'I’.iln, (2) CJvpsuin 

(*1) ('.»! sn.ii, ft) \|»Uili (ii) OitliDclfiM', (7) hiiait/, (S; lop.i/, ([)) Curun- 

iluni, ( I()| 1 >1 iiMoiid 

“ Vide* I' I'' Jfitf If''* Amndt II l‘MiJ, 8, 4ri4 

• K. Aiii^.sliom, Ujirif. K Wt -AIl'iI I'iiih . IS‘)(>, Nr 7, y.*)! ► 

• tVooki ■! /W lioif. Sue 11)111,7.^, 17 

• Cf S'tt'inloii, rtf-e /low .s,,f , pia'I. .\, 82, 17(5 , 

• Fi/eaii, /Vij/i/ Anmdfii, ISKP, 138, 21} • 

' Wobor, !ln , 1872, 5, 30.}, l*oijj Aminicn, 1875, 154, 307 Soo vol 1, p 00 
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whence the following values are obtained : 

t°c. 0° r,ir 100° 150° 200° 

7 0-0017 0-l(.S5 0-1005 O-^O.jT 0 2701 

At low teni\K‘mliiV(‘s llic speeilie lu-.il is nnieh tlninmslu-cj,' and 
at the teinper.vlm’c of U(|ni(l h\drogcn iL is only about onc-twTiitieth 
of its value at iitmospheric U mperalure. 

Conduclivihj fot Jlrat and LV/r/z/r////.- -Dinnioud is a gocvl coiiduetor 
of heat, and fe(‘ls colder Ih.in glass ; it is, however, a bad conductor of 
electricity, thus differing fioin graphite.^ 

AdUm (tf Heat upon, and Combuslion of, the Diamond. — Diamond is 
unchanged when heateil to whiteness in hydrogen, but swells up and 
is converted into graphite when placid between thi* carbon jioles of an 
electric arc. Diaiuond commences Ibim e.irbon dioxidi* wlieu lieated to 
720° C. in oxyg( n ; the rate of conibiistion increasi s np to 800° C., when 
a flame ajipeais and tlu- mass liecomes incandescent. A minuli- reddisli 
ash remains, wlueli amounts to Irom 0 0.) to 0-2 piu’ cent, of the original 
weight of tlu‘ diamond, and consists of ferric oxide and silica, generally 
also with lime and magnesia. 

Action of Chemical Dcaffcnt^ on the Diamond . — The diamond is 
scarcely altaekid b\ anv chemical reagent. It is stabh* tow'ards 
chlorine, hvdrochloue, ludrolluoiic, and siilphuric acids at all tempera- 
tures, as w'ell as towaids a mixture of mine acid and potassium chlorate, 
which dissolves graphite. Fusion willi sodium or polassiiirn carbonate, 
however, eon\crtb iliamoiid into caibon monoxide by the leaclion 

C I- (‘O . - 2CO. 

Origin of the Diamond. —The occurrence of the diamond in alius ial 
deposits and class, aeconipanud by ipiart/, topaz, louvmalim', rutile, 
zircon, garnet, idc , throws no light upon tlie origin of this precious stone, 
since the crystals are loosi- and havi- evident ly been borne away by 
natural agenev from their ]>lac(‘ of origin. Small diamonds have, 
howev'or. been found cmbuldid m crvstals of xanthophylhti*, a siliceous 
mineral, m such a manner as to suggest that tlii-y oiiginated there. 
Moreover, the diamonds in different “])ipes” of blue ground in South 
Africa dilfer m (pialilv ; and this siiggists that thev may have been 
formed in the pipes, pi-rhaps by volcanic agency. Diamonds have also 
been found in meteoiic stones, and in meti'oric iron aceomjianied by 
carbonado and graphite. It therefore seems probable that diamonds 
have crvstalhsed uiuh-r suitabh- conditions from a solution of carbon 
in a siliceous or nutallic solvent. The ihscoverv of diamond, accom- 
panied by carbonado and giaphile, in a meteorite found in the Diablo 
Canon, ^ and its studv by Moissan, have thrown much light on the 
problem and enabh-d this chenusl to jireparc small diamonds artificially. 

Preparation of Artificial Diamond. — The preparation of artificial 
diamonds from carbon is a problem which has long fascinati'd the minds 
of scientilic men and otheis. 

Dcsprelz ® in ISl-O tried to make diamonds by means of an electric 

* See also Pint' Jtoif Poc , A, 76, 2.30. 

“ Cf. Per. tJeut. phtnilal (ha, 1912, 14, 9. . 

* Coloinlu. d/0 It \rrntl Liimi, 1915, tv], 24, i, 11.37. 

* Fncd' l, Conf/il ?ciA , 189.3, 116 , 290, Aloiss.m, Pumpf rend., 1893, I 16 , 288. 

I' UespreLz, C'oinjit rend , IStO, 28, 7.5.’), 29, 48, 515, 709 
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arc formed between a carbon rod and a bunch of plntinuni wire, and 
obtained a crystalline dust winch scratched ruby. Ilannav ' professed* 
to have prepared (haiuoud in ISSO. and Marsden,- in ISsO SI, attempted 
to prepare it liy dissol\in«r (‘arbon in nuiUen silser, and oblained small 
crystals A\hieh may h.ive bt en ilianioiul. 

M(fissan,'* uho dileimimd In ie])eat the e\p< mnenls oi llaniiay, 
made ‘a can In 1 slnil\ of the alloliopie Ibnus of e.irhnn. ol their modes^ 
of forinalion and transhnmahon, and ol their pliNsieal and ehemical 
distinctions. 

The three Ibllowini^ eiil.iia nmsL be obi'ved befoie a substance 
can be prononnetd to he (h.nnond : 

(i) Ilaidness : (n) deiisilv ; (in) eonilnistion liirnn s. 

(i) Ollier siibstanei pn p.iied m Ihe eleeliie rninaet, e/'. boride 
of carbon, earbosiheuh* ol litaninm, .ip* almost or (pule as haul as 
diamond. 

(ii) Ddisils (.*t .■>) Is msiiHiennI to ehir.ielense diamond; some 
subslanees prep.iied m tin* elect ne fnrnaei*, met.dlie borides and 
silieirles, are as dc nse as or denser than diamond. 

(in) (\‘irbon bmide and some md.dhe eaiboboiides burn producin'; 
carbon dioxide, but onlv carbon itself can piodneo 3'1) times its weight 
of carbon dioxide. 

These three eriteiai taken together pio\e a snbstanei' to be diamond. 

Mojssan u cognised that diamonds seldom, if ever, are found adlu'i’ing 
to a nialiix; and a study of “ lihie gionnd " fioin tlii' tape and of 
diamaiilili ions sand liom Hi’a/jl ])io\ed that n.ilui* nueroseopic 
diamonds au' both black anil transparent, and always aceonijianied by 
graphite. From ‘‘blue ground” Moissan isolated bolt, carbonado, 
transparent diamond, and gi.ijihitix A study of a itulioiiii found in 
the liiablo (anon, Aii/ona, furnishid, howe\er, the ke\ to the problem. 
In the middle of a mel.ilhe mass wire found “ two small, transparent 
diamonds, of rough and grained surface, snrrouiKted by amorphous 
carbon m distmctlv compressed sIiijin.” 'I'his disco\erv im})i‘lled 
Moissan to I’xpi riinent on the solnlion of carbon m metals at high 
temperature ; and for this purjiose he tirst adaptui the electric furnace. 
In tins furnace he dissolved caibon m siher, iron, aluminium, ghiciniim, 
ehromnmi, manganese, nickel, cobalt, tungsleii, mohbdenum, uranium, 
zirconium, \anadium, thoiium, titanium, platinum, silicon, lie oblained 
carborundum and m.inN met.dhc carbides, but no diamond ; carbon 
always scjiaralcd from solution m metals as giaiihitc. 

Since graphite is the foim of c.iibon stabh* at hiuh ti mperatiire under 
ordinaiy pressure, ^loissan next tiicd the effect of gre.nt pressure. 
Geological considerations fa\oured the view that diamond is formed by 
crystallisation from nioltin iron under high pressure. The occurrence 
of the diamonds in the centre of lh(‘ Diablo Canon meteoriti*, and 
in alluvial deposits as peificl crystals, suggested that terrestrial diamond 
may have been formed by crystallisation from molten iron under great 

^ Hannay, Ptoc. Hoy Sor., 1 S 8 II, 30 , 188, 4r)(). 

■ Marsden, Pruc. Ho}/ Hoc,, 1880-81, ii, 20, .‘J7 • 

• See The Electric Fwmee, by If Mois^ian, Kiij/. win , I90f, from whicS the informa* 
tlon in this section is taken. 
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pivssurt* in I he clepllis of the eartli. In order to test this opinion 

Moissan carried oiif the foliowint^ experiments : 

(i) Two hundred L,M*ainnn s of Swedish iron were covered with 
charco.d in a j.>ra]»hili cincihle, h<aled to oOOO C. iii the electric I'mnaec, 
and 1h(‘ii plnn^id henealh walir to cool the molUn metal snddi'iily. 
Tile iron of Ihi' iiifiilns was dissolvt'd in h\ droeliloric acid, and thia’c 
rcmaiin d Ihue kinds of carhon : (//) ^M’ajihile, (/;} c(Hi\olnlid strips, 
as in Diablo ('.irion inch'oiic iron, and (c) several fjreyish-blj^ick particles 
winch were proved to bo diamond. 

(ii) Bellt r K siills were oblained by coolmjf tlu* molten iron, saluiatcd 
with carbon, in inolleii h‘ad, because no laser of steam ri larded coolin*^ 
and ext ('I’ll. d solididcation. 

(iii) A riirlln r impioMiinait consisltd in packm^r a eslindov of 
soft iron with sii'^ai-ehaieiial, slroii'ds compressintj Ihi' ch.ircoal by 
means of a seiew sloppir ol llu' same nu lal, .md then iminersini' the 
cylinder m molh n iron which was conlaiiud in a crucible and had been 
lieaU d in llu* ( hclue fnrn.icc' for a fi'W' miimtes. Aflc r llu' ml lodiiclion 
of the eshnder llie crucible ssas at once remos ( d from the furnace 
and rapidls cool< d. 

The success of th(‘ expel mieiil d( pends on ra[)id (‘oolinir, because 
iron, like waler, i\pand> on s«)hdil\ mi(, and so th(' exliinal crust 
exerts an enoiinous pKssuK* inw.iids U[)on th<‘ core, which is nch in 
carbon. 

By this naans partialis or wholls tiansparent diamonds were 
obtained winch salislied lh(‘ luosl ni^oioiis crib'iia. Tlu' lar/^esL, 
hosves e r, sseie not more than 0(5 miii m diameter 

In his rese-aiche's iMoiss.m oblained (ranspareni diamond (‘r\ slalhs(‘d 
in re^mkir oclahedra and cuius, irre^mlarly crsslalhsMl fia^inents, 
crystals which splil inlo Irai^menls on keepm*^, like' Ibmcc' Riijicrt’s 
drops, and carlion.ido. 

'I'h.d dianieinel has be i n fornu'd bv ers slalhsalion of (*arbon from a 
sols enl, preib.ibls nietalla*, at hiirh le iiipe lature and under j^reat pressure, 
thus apj/eai’(d lei ln‘ e sl.ilihshe d bs .Aloissan. 

N'ein IJollein,* howe \ e r, has shown that ers sf.dline jiartie-Ies ot'dianiond 
dust act as nuclei for the depeisition of eaiboii m the Ibrni of diamond 
fiom the' 1 IS d local bons m co,d-LMs. 

The obsiisation that diamonds occur in tissmes associated with 
nodules containintj sulphui. silicon, and phosphorus le'el Moissan to 
try the* ellect of adding the se elements to the mollen iron fiom which 
tlie diamond was to cissialhsc. Sulphur luiprosed the \ield; sihcoii 
also inipros ed the \ielel,bul the (jiiaiity of the' diamonds ssas poore'r ; 
phosphorus had an altoi^e Ihci unl.is ourable* inlluence. 

I\Ioissan's final conclusions mas thus be* simmiarise'd : diamond is 
carbon which has bee n liepielied under liiLjh piessine ; carbon heated to 
luu[h tempeiatiire under atmosjiheric pressure vajuirises ssithout liepie- 
f\in£j and sn Ids a sublimate ol i^raplute. 

Moissan's conclusion as to the mtlueiicc of hi;^li pressure in the 
lorniation ol di.iiiioiid has been subslantiaLed by an observation of 
\\\ C'rookesA Crookes has examined the residues from the experiments 
of A. Noble on the exjdosion of cortlitc in closed cylinders. These 

' Von«J?nUon, Zdhrh Ehltiochem.^ 1911, V], 971. 

“ Miussni, Ann ('him /V/yj , 1905, [viiij, 5 , 174. 

® Cie>oKcs, Proc. Hoy Hoc., 1905, A, 76 , 458. 
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residues, produced under hit'll teinpeniluiv and hi«,di pressure occurring'' 
simultaneously, \\erc found to contain diamonds. • 

C. V. Bui ton, ^ lio\ve\er, mainlaiiis tlial if earlioii ean Ix' er\ shillisc'd 
at compaialively low iempea-atures, llu* nuuimuiu pnssiue re(|uue(llo 
produce diamond will lie lower than that emplo\ed l)\ Mois^au . and in 
some t^nlallM‘ lAperimenls lu which carhou was diss<»lN(d in a molten 
alloy oi leatl wilhahoul 1 p<'re(‘nl. ol c.deuim, (li.imoud aj)|)i.iis I o have 
been [iroduetd hilwtui .>.>()"(’. and 7(M) (*. under alncspheiie pressure « 
when sleauf Wtis [lasted oxia* lh(‘ allo\ so as to react >\ilh and ilimmate 
the calcium Burton - also siaaiis lo ha\<‘ jiioducid di.imond by 
heatin«» hen/anc or lohuue with eaihoii l( liachlt»ridi‘ oi c‘liloiolorm m 
a boml) to 'JOO ‘ .‘iOO (', In this reaction caihoii is sej) iiMli'd, whilst 
hyilro^( n chloude accumul.iti s im<l< i piessuii 

b'lirther, jis a result ol'alti mpis to uk II cai hon 1 )\ < It ctiu al resistanee 
heatiiiLf under hi^h pi-tssun*, which laihd lo Mt Id moit than a suspicion 
ol diamond, C. A. Baisons** coiichules that nKchanieal pussiiiv is 
not Ihe cause ot tin* pioduclion of tli.mioud m rapidK eoolt d iron 
coutamm;^ carbon. Van l)e\( liter * h.is ciiliciscd Moissan s \ u \\s from 
a theoix lic.d standpoint 

Uses of the Diamond. Bt salt's its \alu<‘ as a i>* m, diamond is 
cmplo\ed for \anous sp< laal purposes on acctaml of its i*i(al li.iidness. 
Bolt was lirst used on the lapidai\\ wht ti h\ L. \on Bt npa n of 
Bruises ill 1 1<70. Itisemplo\(d m this iiianiu r not onl\ foi eultinj^ ” 
diamonds, but also ha* lact'lmtj ollai jtiitioiis stouts. 

A lanuliai use ol diamt)nd is lor cultmi^ j^lass. f’or tins ])urj)osi‘ a 
diamond must be mouuttd so th.il a ciiixitl edirt* btlwt'tn I wo adjacent 
lacets IS tm|)lo\ed. 'fills will cut molt' det'jilv init) tla' idass Bian a 
slraii'lil edire, which m.iN he iisctl, how'(\er, lor writini' tin j,dass. , 
Ditiinonds an alst) ust d Itir di illiiu' i^lass anti jiort't lam. and loi t 111^1 a\ mg 
and liiuslung iia l.d-wtub. as wt'll as Ibr lock-tli illimr, which their 
most imjioilant industrial ajipliealiou. Ftu* ihis pnrpost' carbonado 
is jmftrnd beeaiist' it has nt) Itntluicx to el('a\age. 

Diamonds are also usetl Itir Hit' btaimgs in walcins and tleetric 
niett rs, and, W'lit'U dnlli'd, Itn* win -thaw iiilt, tin aceonni tif lluir grt'at 
durability. 

CK.MMIITK 

History, (iraphilt', hkt' dhiiiioud, has been known tnuu ancient 
times, and w.is eaily eii'pItiMtl, as Hit' wt>rd {yr‘>^h>, 1 wiitt) imlicates, 
for willing pmptises U was Ibimeilv, howt vt r, ctmriisetl with molyb- 
denum siilphidt', MoSj, which nst mbits il ju apjxaiaut'e anti in having 
a mark u|)t)u jiajHr. 'flu' namt pluwhnuo, 01 hlarh IcinL shows that 
graiihite was also itltnldiiti with tir HumghI It) conlam hath Scheelc, 
in 1771 ), tlislmguislit'tl t'leaiK between mt)l\ bth imm suljihitlt' and 
graphite, sliowing Hit' lallti It) bt' a uuntial loim t)f carbon since it 
is convt'i'led into earbtm tlitixitle bv mine acitl ; anti in ISOO .Mackenzie 
showed that grajiliite bums like chaictstl, pioducuig caihon dioxitle. 

Occurrence. (Iraplult tictursm notlules m Liianile, gu< iss. slate, 
and other rocks, iii llakts or jitiwtler seattertil lluoughtail liun stone, 
and somt'tiint's in laigc masses. Isxct'llt'iil graphile \tas loruieily found 

‘ Pinion, Xttln/v, 72, :VI 7 . - fhirf 

® I’ciisoiiN, /'lof Soi , l*M)7, A, 79, 

* V’jui l)L‘\ontei, ('fitni Wct/hltol , 4, ‘211 
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at Scathwaitc-in-Borrowdalc, Ciimborland, and made into Icad-peneiJs 
,'at Keswick ; but now these mines appear to be exhausted. Graphite 
is also found jm Ceylon, m various parts of the United Stales, cspeeially 
California, at Passau in (hrinany, and in Spain, 15olieinia, Aloravia, 
Slyna, and Siln ria (Irknlsk). Much of th(‘ .ijrapliile used in the Ihiiled 
Kingdom eoines frotn ('(‘\lon ; but llohennan i^rapliite is said loMn- Ihe 
best for niakiiiif pencils, and (\‘NJon ifrajihile for lh<‘ nianiifaeture of 

♦ crueililes. (iraphilc Irom llu'se \aiioiis somces \arics much in punly. 
Passau ;;ra|)liil(‘, for example, eonlains only aboul IH per ei'iit. of 
carbon, and Shn.ni ^uaplnte aixml 7:} [xr emt., the remaiiKh'r hcinij in 
caeh eas(‘ ash ^\ilh a little \olatile mailer. 

Origin and Formation. -(iiMphile is i^^cauTally of oriranie ori^rin, 
havin^r 1 ) 1 * 1111 ' foimed from earbonaeeons nialerial, probably ^\ltbout 
prcMous si*paraLiou of ainorplious earbon,^ by pressun* of overlying' 
rocks and a sullieuaitly hii»li lempiMatunx The ])rescnei‘ of alioiit 
1 per cent, of liydroi'en in natural iriaplnli* eonfirnis Ibis mcw of its 
formation. 

Grapliit*’ is the most stable* form of carbon at Ini'll leinprratnres. 
Thus the ti[)s of llu carbon elieluxles of th(‘ aie l.iinp ^'radnally bt eoine 
coyjTed wilb a ^lowtb of iriaplntc* by \aporisalion ; and all kinds of 
carbon are lapoiisisl, and lliiis eon\ cried inLe) ijrapInU'. in the* tle'clrie 
furnace. Likewise (liaineind is eliani'isi into ^'rapbile* when ])laee'd 
bettv'cen the pole-s eif an e'lertiie are. It has Ixsai slieiw’n by Aiseni,® 
however, that otluT ieuans of earixni are not always coiiveTteel into 
graphite* when he-aled in eleised criieables to 3000 C. Wheai 

various carbon eeimpeainds are* de eoinposexl at IiiltIi le'nijM rature the 
carbon remains as giaphile; graplnle aKo rt suits Ironi lla* decoinposi- 

• tion of earbiele’s, eyanoi'e*!!, acetylene*, anel carbon disiilplnele* in the 
electric furnace. 

Graphite of e\e(‘plie)nal purity is prepau*ei arlilieially by the Aelu'son 
process, by jiassini' an elect iie cm lent lx*lw'(*en carbon ele ct leules 
in a furnace built of lire*-biieks and lined with carborundum. The 
intervening space is lilleel with sand and coke or anthracite. It is 
found that j)cfrole*mn-eoke yields a line* ejualilv eif graphite. The 
carborundum lirst forme*d deconipose-'N, the* silicon being volatilised 
and the carbon left in the* Ibrm of graphite. Tims : 

S 1 O 2 1 :}(’ Si(' -h 2C() ; 

SiC Si h C. 

This giaphite* le ave’s on conibiislion only 0 O.i jx r cent, of ash. 

When carbon crystallises fremi ine>lle*n metals, such as iron, it 
separates as graphite. This fact was lirst obser\ed by Seh(*ele* m 1778. 
Whilst some of the carbon forms carbide, the cxci’ss is held in a state 
of solution from >\liich it crystallise s when the me’tal cools. Grey cast- 
iron contains more or less crystallised graphite ; and graphite* likewise 
occurs in meteoric iron. It has alr(*ady been peiinted out that w'lien 
carlwn crystallises from molten iron under great pressure it ajipears 
as diamond 

Physical Properties. — (iraphile is grey and lead-like m appeaiance ; 
it possesses a metallic lustre, and is opaepie c\(*n m the thinnest Hakes. 

^ Uomisfh, , 1911, 32, 22/> 

• “ llegnault, ‘Inn. Chxm. Phys , 1841, [111 1, i, 202 
® Aroem, Trans. Am^r. Ehclrochem Sqc , 1911, 28, 105, 
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It crystallises naturally and from molten iron, in hexarronal plates^ 
bclon^in" to the inonoelinic s\slem. It is greasy to llie touch, sjnd 
its hardness on Moll's seale is less than 1. that of diamond heinir 10. 
It is on aceomil of its soflness, and lx cause il riihs oil in Idllc* scales, 
that it leaves a slreak on paptr; and il is I he ‘■anx' piopi il\ ihat makes 
it useftil as a luluieaiil. Indeed, .iccoHliiiLf to Tluillall.' i( l)eha\cs 
under compression like* .i iKpud. It is poious lo i*as( s,“ 

IJensii If.— Since naimal ^u.iplule is no! a piue cheime.d siihslance ^ 
and is deA\ed fiom dirieieiil sources, i(s (hnsilN is \.iiia)>le, but 
probalily lies belween llx ( \h< im* \ allies 2 i)l.> and 2 Ibinimels- 

berir * ifjivc the \alue 2 17 lo 2 .‘>2 ; Moissaii Ibund tlie \alue for 
artilieiaJ urapliile to Iu‘ Ixlwdu 2 0 and 2 2.'), Dtwar*' found that 
the densily of an arli(i(‘i«d jiiMplub' whieli \\a^ 2 0!)0 al 17 ('.became 
2*1302 at th(‘ tempi raluie of Ixpiid air. Accoidinu io Slinnl/, ’ the 
densil\ of stroiif^ly compressed '^r.ipliite niav use as lii^jli as 3*0. Arsem * 
would deline <^rapliile bv ils density : 2 25 to 2 20. 

Tin* corflivicnl of liueat iwpausiou ol niaphiLe lx l\\e« n 100’ ('. and 
is 0 00002 U Ki/.e.iu,^*’ h(»\M\(r, found for n.'.lmal j^u'aphite 
the values O-OOOOOTSO al 10’ C. and 0 00000700 at 50" ('. 'fix* r omjne.ssi- 
5i7///y of i,M*a phi I e belween 100 andoOOalmospIxies is 3> 10 \oj./atni.^^ 
Specific Ilcat . — 'file sjxcilic heat of ^u.iplule, lik(‘ lhal of other 
non-nicl.ils, iiiercas(‘s wilii lempd.dure, bid becomes appioximately 
conslanl in the neiuhbouilKxul of 1000’ C, and lhen^i\«s a \alucfor 
the atomic lx a I — .7 0. 

'rii(‘ folIov\in<( K sails w(U oblaiixd b\ 11. Wilxr^®: 


'fomp ° C 

SjK'dIjc Heal 

AImiiik Heat 

87 mp (* 

! 

Sp«*( llie 111 ill 

/MoiJi.e Heat. 

- 50" 

0 1 1 1 

1 37 

jj 

Il 002 ' 

0 207 

3-50 

- 10-7 

0 1 1 1 

1 ;3 

i| 210 

0 325 

3 00 

+ 10 S 

0 1()0 

I 03 

012' 

0 117 

5 33 

01 -3 

j 0 l')<) 

2 J»0 

S22 ’ 

0 151. 

5 15 

133’ 

0 2.72 

3 03 

077" 

1 ^ 

0 107 

5 00 


Behn has exleixhd the N.dixs lo lower h mpiialuu s, and <(ives the 
follow iiif^ inlei jiol.ition foimula : 

C 0 Mil f 0 000020/ -- 0 000000112/®. 


1 Tixdfaii, 77*1/0 rZ/r/// Sn, , I'las, 93, i:;:n 

* Graham, . 1 / 0 / ('fmn l*/iih , lsxl,(i\], i, lln, 2 , I.")! 

® lloHcoo and Sdinrlf'rnriH'i, I I’n>tli->i' un i // .iml Cm ), l!dl, vol 1 , 

p. 71.7 

* Jlnmmolsbei", J>it , IST.l, 6 , l.SS 

6 Mf)iHsan, TfiP KhtUo I'nninn ( \mMM) 1004, p 77 
® ('lion .\/»/f, lO'iJ. 85, Js'l 

’ Htreinl/, l/i// /V/v^'/. , (;v | 3, I 

® Aisciti, 77(///,s I////r Khiltoflnin .''»#* , 1011,20, 10.7 

® J)owar, Vrot lUni *SV»f 1002 70, J'»7 Nc mImi ll.i\ .uid SM^man, .7 Ind Enfj. 
Chem , 1012, 4 , 0)0 

Fi/csiu, ISlIO, 138 , -S' 

“ T. W. Jticliaids, Zt.l^ch yhij'oL'i! i'hm , 1007, 61, 1 IJ 

Webor, 7/er, 1872, 5 , 808, ro'j'j AnmUn, 187.7, 154 , 807, Sru llii-i snics, vol i, 
p. 90. • . 

” Behn, Drude^a Annahv, 1900, i, 2x4 
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• Values calculated from this formula a^^rec with Weber’s results; 
but; Dewar ^ has obtained the Ibllowiiuf sniall<T values at low tempera- 
* turcs : 


« 


IS' In - 7S i\ .. 
IS (<) - ISS" (\ . . 

- 7S' lo ISS' i\ .. 

- iss^ i(, 232 rr c. 


Spcciln lli.U. 

.. 0 i:ni 

.. OODJS 
. . 0 


Conduct ii'il If fot Ileal and I'Acilnuhf In eonl nulls! inclion to 
diamond t,n.i|>liile is ,\ irood condnelnr ol Jieat .md elec hieil v. Speeinu ns 
from dil'lerenl IocmIiIk's v.iiy, liouever, iii I hear eondueliv il\ “ 'Flie 
followiiiLf formula (‘xpresses the tluimal eondiieli\it\ of ^r.ijiiule : 

K ---oo.ssi. -0 X 10 V I o;3 X 10-^/^. 

Chemical Properties. CoudmAiou. When arlilieial era phi I e is 
heated in oxyi^u n it Ix'ipns to loini carbon dioxide* a! .‘570 ('.and Ihi* 
rate of formation inerc'ases up lo 000" (' , wIk'U inll.immal ion oeeiiis.' 
With natural i,na[)lule llu* Ic mper.ilures .d whieli lluse ehanL!( ^ lake 
place are variable, but Ihev are eon.sidt ralilv lx lou Hu* eoin*spoiuliii^ 
temperatures for di.imond (c/.i’.) ; and Ihis dilhauiee eonslilulis oik* 
of the* (lisluieiiislunu tests Ix'hveen llu* two forms ol carbon. 

Action df (ludhsnio Awaits (Jraplulc' dilfc*rs mueh I nun diamond 
in its reaelivjly tovNards iKpud oMdisiiu^ aenils. Cold, eonecni lalccl 
nitric acid Juis no action on ^M'aidiili*; but some spceinuiis, wiun 
strongly healed after being moistened with the* acid, mtumesee, t c. 
swell up, because of the generation of gas within IIriu. The lms (‘oiisisls 
of carlion dioxide* and oxides of nitiojun, and is piobablv produc*e(l 
by the action of the acid on pailic'hs of amorphous (*aibon contained 
within thi* grajihite.''' liUzi dislinguislu s ImIwcui dilleienl kinds of 
graphite by tins reaction <»f inlunuse( nee *’ Specimens that luluniesei* 
arc known as “ grajihile,” tlioso wliieli do no! as “ graphilili 'riie 
variety from (\ vlon is “ giaphite,” that Jioin Horrowdali* yiaphil il(‘.” 
The artitieial product is generally grapliilite.” Wlieu inolti n e.ist- 
iroii conlainiiig eaibon is cooled by water the external layers contain 
graphitite, tlie inleiior graphite; inliinuM’int giaphile is, nioreovir, 
produe(*d by dissolving eaibon m inolleii pkdinum. and ninains vvlun 
the platinum is removed bv aipia regia. 

Gratihite is slowly oxidised when healed with a mixturi* of nitric 
and sul])hurie acids, or potassium ehlor.ite with sul[>hurie or mine acid. 
These reactions, winch weie discovered by Ihodie,’ may be used for the 
purification of graplule or its eonva.rMon into “ gratdiitie acid.” If 
graphite is heat<*d wilh a niixiiire of J part of nitric acid and 1 parts 
of siilpliuric acid, or 1 1 parts of graphite are Iieated with 1 jiart of 


* Dewar, l*iot lOnf Sac, IIM*.'), A, 76 , See alsu Dcwai, l*liit 1/^x/, IS7.’, [ivj, 

44, 4GI ; Klin/, Ihinh h Annntni, IJMI.'I, 14, ,‘{27, Voilh*, trml , IS!)."), 120, SOS 

* Muianka, lie'/ \nnfdni, |ss|, .{07, AiUmi, Atli .lir Tunno, lOOJ, 37, 175; 

Piesch, W^n Jht , Isa;}, 102, 7hs 

* Icule, /Ix/i f7i’ni /V,(/v, UUJ, |mii!, 25, I.*{7 

* MoiHsaii, Ciniip* icii'i , lonj, 135, “2! 

® AloJiain, lint, ISO.I, 116, l)0S iScr jilso 'riiieir,iil, Trauf C/nm SVye . 1!)0S, 93, 

>1333; and Ostn.ild, (h iukUihh > i dn nnoi/fdnt'if lirn ('hnnu', lOlHl, .‘{lIU. 

* Luzi, Her , Istll, 24, 408.7 , 1S‘L>, 25, 210. ri7S , 26, SOO 

» Brodie, .4«n. (7mn. Phyn , IS.7.7. |mj. 45, :i.71 , tin/, ISOO, Iml, 59, 400, 
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potiissiiMu cliloriitt' ami 28 pails of sulphuric mi'kI, tlic avaphitc is 
partially oxidised and turns \n>lei, bul refjjdns lis black colour wlicn 
washed wiLli w.iter. Wlien slroni^lv heated tlie mass swills up. loses 
j^asc's, and \ields a ivslduc ol pun* iri.u'iub oCdensilN 2 2a. 

iMixhues of eon ei id rail'd siilpliiiiie acid and pol.issmni penimn- 
j(anate*or chionue acitl ma\ be subsldubd for llp’dii's iiiixliire ^ 

]J\ inoie piolonired Irealni'iil willi similai iiaL’^tiils LTiaplute is 
eon\trlid inlo jjiaplulK* aeid 

For Ihis pm po^e one jiarL ofgrapluli and 8 parK ofpol issiimi chlorate 
are mixed wil h mine aeid and h< ab d for si \ i i.d da\ s aM!0 (' . and after 
washiULi Ihe proei ss is upialid Ibm or li\i Imns Oi lie powdeied 
j:rra))hile in.iy be inixid wilh sniphmie and niliii* aeids al llie oidmary 
* tempi lal lire and . I laryi esei ss ol pol.issiiim ehlorab bi addi d. A ^reen 
produeL resulls, which is eham_jid inlo j^i.ipluhe .leid b\ Inalmeni with 
jiol.issimn jx imaiiLr.male .md sulphmie acid - 

(irM[)hilie aeid e. \illow, and appt.us lo be* eiN slallme bicause 
il [)ri SI I'M s I In loimoflle oiiirinal i^iaplui' ii\'.l,ds IK eoinjiosilion 
eoiresponds lo Ihe foiimila CnHiO, or (‘nlljlh,. I)ul il is iiallN an 
amorphous imxhiii ors<\(ial eompomids ol hii^h niolieiilar w'i‘i;,diL® 
^Vhen I hi aeid is healed il d<eom|)osfs explosniK, i \ oh iml; eai bon 
moiioxidi , eaiboii dioxid.-, and walei, and havi's a lilaek, ehareoal-like 
residue called p\ loLjiaphil ii aeid, which is eoiiMihd by polassinm 
ehlorale and mine add inlo mellilie aeid, (\,(('()0I I 

(Iraphihe aeid is ndiieed l>\ slaimoiis ehloinli lo a black pseudo- 
morph " which u si mbits triaphih in appiaianee, and m.i\ be oxidised 
ai^am lo Miaphilie aeid. 

'rill biha\ioiir of ifiaphile towards oxidisini* a^diK, by winch 
^M’aphilie aeid is piodiienl, disl iimmshi s ihis siibslaiie< fioin diamond 
and iioni amor|)hoiis eaiboii , loi dMiiiond is nol ai'tid upon by these 
r(a<4inls. and .imoiphoiis eaibon is di—tihid b\ Ihim wilh Ihi forma- 
I ion of hiinne and tmalh nn Ihl i<* aeid. Aeeoidimj lo I'hai p\ , howe\er, 
some I'oims ol eaibon IiiIIkiIo iiy.iided as amoiphoi's. such as earboil 
fioin steil and Ihe piodiiel oblaimd by hi.ilm<4 L,naphili(‘ ai'iii, yield 
i(ra[)liilie aeid on oxidalion II llKrefore apptais inisal isfaelory to 
(leline ^mphiU wilh iil’iiiiiee lo Ihe aelion ol oxulismi' aiii nts.^ 

Uses of Graphite. 'I’lu ustfnlmss ol m.iphile di pduls upon its 
|)eeuliar sofhuss and sealim "s, as will as upon iK elnmieal inertness, 
infiisibihl V. and eonduel i\ il \ lor i leel i leil \ l'’or IIk mamiracliire of 
blaekd«-ad pencils n.ilmal irmphile iKflf was foinuily iisi*il, being 
cut uj) inlo slii|)s ol Ihe riijuired si/e. Now, howixii, powdirccl 
grajihile IS mixed iiilo a paste willi line clay, and I hi mixture is jiiesscd 
tliroiigh a hole so as lo lorm .i Ihiead. 

(iraphili eriieiblis are maih fiom a inixliire of powdered graphite 
and line ela,v. 'I’ln \ are mou]d(<i hUe polhrv and I hen find. They 
are uuploMd for milling nu lals, and isp. ei.ilh m lie' mamifaclnre 
of eriieible sUi'l. (See \ol ix.) 

A well-kiiow'ii ajipliealioM of graplule is lor proleelmg now —e.g. 
grab's - from nisL. 11 is also iisid m i leclioU ping, tie smlaie on 
winch elect lodeposil ion of iinlal is lo lake pl.>ee being eovii'id with 
a layer of giaphile. winch is a eoinliielor. 

^ f'liai}iy, Compl itii'l , 15 ) 0 !), 148, 

" Stauilt'mnaii'i, lift IS'IS, 31 , 1 ISI , \m, 32 ,' 1801, 2SI.»V 
® iStftUili‘nmaii ’1 . Hci 1800, 32 , 28.1J 
* Charjiy, Cum /if rcml , IDUO 148,020 
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It is likewise employed as a lubricant for machinery, and as a coating 

• for* gunpowder to prevent absorption of moisture. The cfiiciency of 
the powder is, however, somewhat diminished by the grapliite. 

AMOllPIlOUS CARBON 

Amorphous earbou, as usually mel with, contains a variable ifrofjor- 
tion of impurity derived iroin the organic compounds or natural jirodncts 
'from which it is piepared. Sugar-charcoal, lampblack, soot, gas- 
carbon, vegelablc and animal charcoal, and coke are rcckonftl as forms 
of amorphous carbon. The impurities present within them may be 
“organic,” i.e. may consist of compounds of hydrogen, oxNgen, and 
nitrogen, which ignition has failed to remove ; or inorganic, which 
will remain as ash wluai th(‘ carbon has been burned away. 

Preparation of Amorphous Carbon. — Amoiplious carbon may be 
formed in a variety of wa\s, but ils preparation m a slate of ])urity 
is dilliciilt. It is liberated in the following reaclions: 

(1) D(‘comi)osition of carbonaceous matter at higli temper.itiirc 
(sugar, vegetabh' iind animal charcoal, coke). 

(2) Deposilion from dissocialcd hydrocarbon vapours (lamp- 
black, soot, gas-carbon). 

(.'3) Exjilosive decomposition of cndolheiimc compounds, e.g. 
acclylciK*. 

(i) l)cj)osition in electrolysis : 

(a) at anode in electrolysis of sihcr acelyhde ; 

(b) at kathode in dectiohsis of concentrated sul[)hiirie acid 

widi carbon el<‘ctro(les ; 

(c) at kathode m cleclioK sis of fused BaCO^ -j- BaCU at 000'^ C. 

(5) Reduction of CO and COg by metals : 

c.g, CO 2 by magnesium, calcium and the alkali m(‘lals, and 
CO by iron at high temperature. 

(6) Decomjiosilion of CO : 

(a) by heat at 1090° C. into CO. and frei* carbon ^ ; 

* (b) by radium emanation into O 2 , (’O.,, and carbon.- 

Sugar-charcoal and lampblack yield the purest forms of amor[)hous 

carbon, because they need contain no mineral impurity. 

Sugar*«Charcoal, prepared by heating pun*, white, ashless sugar, 
preferably in a ])latmum capsule, milil combuslion of volalih* matter 
ceases, forms a black, shining, porous mass, whieli, however, contains 
“organic” impurilies that cannot be eliminated by ignition alone. 
It is consequently liealed in a current of dry chlorine at lOOO'* C. for 
several hours, then washed with hot water, and again ignited in dry 
hydrogen till hydrogen chloride ceases to be evolved.® The density 
of purified sugar-charcoal is 1-8, and its ignilion temperature about 
450° C. 

Lampblack and Soot. - It is well known that the luminous flame of 
a candle or of coal-gas deposits carbon upon a cool surface brought 
ill contact w'ith it. This is because the combustion ol carbon particles 
in the flame, whose incandescence is the caus(‘ of luminosity, is prevented 
by cooling. 

If a flame is not properly. \cnlilated it will smoke and deposit soot 

' Moyer an^l Lftnijer, liri , 188.J, 18, I3tc 

* Cameron and Kamsav. Trana Chrm tSoc., 1908, 93, 9G0. 

® Bono and Jordan Ttai's. Chnn Sor , 1897, 71, 45 
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without artificial cooling ; and this is the more lilv(‘ly to happen if 
the proportion ot carbon in the burning vajiour is Jargi*. Thus Ihc 
hydrocarbon \aj)()nr.s arising from coal burning in ilu grate smoke 
and deposit sool in Hit* cliimiKy, and h\dioearl>ons such as benzene 
\a])oii|^aM{i aeilNleiie burn with \erv smnkv lianas iml'ss tlieir com- 
bustion IS cai(.riill\ ngnlated. 

Frank's process of obtaining sool consisls m bnrmiig aeiKk ne with 
carbon moj^ovnli or dioMile aceoidnig to (lu‘ ^olIo^\lng Kaelions : 

(,I1, f (’() dC +11/); 2(\1K-1 CO, = 5C I 

Lam[)blaek is made liy burning tar or ivsmons m.illu, oi aromatic 
, com[)ounds sucli as n.i|)litlial(‘ne, m an insnUicK nt siipph of air, and 
coili'clmg the smoki* on cloths, nu i.illK* platts, or i<\ol\mg cn Imders. 
Thf Iam])l)laelv is pailiallv iimilud b\ Ixing hcalid in elosi d \cssels, 
bill I'Ncii tlun contains .diont iiO per cent of oiK nn|)unlics, which are 
renio\(d by igiiilion in a cniKiil Insl of chlornu , IIku o(‘ liNcliogen, 
as in tile ease of sugar-charcoal 

Till* duisilv ol lampblack is 1 TS. Iml iis<s to I S7 whin Ihi* lamp- 
black IS lualid lor sonu* hours at DIU ; })v llic sanu* liialnient the 
Ignition tcm|)(raluic uses Irom .‘)71 lo 1.7()' C 

The linisl r|n<i!il\ of l.mipblack is used for making Indian ink, 
and in calico-piinimg ; common lampblack is imploMil .is the basis 
of prmb Is’ ink and black paint. 

Gas Carbon or Retort Carbon is foimi'd as a lining on tin* niijicr parts 
of the rcloils III which (‘oal is luab'd m IIk mamil.icl iiii of coal-gas. 
It owes its oiigm lo the thcini.il dissoci.ition ol the hydiocai bon \aj)OuVs 
cvolv'ed from (lie coal; and the [iioccss m,i\ bi c«)pi«d b\ passing 
ethylene Ihiongh a rcd-liol poicclain tula, when gas c.iibon is 

formed. R contains little or no hydiogc*n and about p( i (uit. of 
ash; il IS Ihcnron* a modcialcly pure form of amorphous carbon. 
Gas carbon is gicy m colour and mtv hard ; it a|)proacliis guipliitc in 
its dcusilv. which is over ‘2 0, and it is a good condiicloi of heat 
and eh clrii'il \ . On this ac<*ounl it is used, whin gioniid together 
with chaieOiil and giaphile, lor making i Icctiic-lighI c.iibons .and the 
carbon plates or lods of Ihinsui baticiics. 

Vegetable- or Wood-Charcoal (/.c. turn-coal, Irom () Is. rZ/r//, Lo turn ; 
thercrore wood turned loco.d). — (’haico.il-liurning is an ancient process, 
and 111 count lies where wood i^ plentiful li is still carried out .as originally. 
Logs of wood are |)iled ncarlv vertically m a conical mound lound a 
central sliaft The mound is coxered with turf or moislciKd ashes; 
ventilating holes aie left at the bottom. The pile is ignited by brands 
thrown down the sliaft, and thick white smoke, consisting of the volatile 
products of combustion, escapes up the shaft during the process of 
burning, the latter bi nig cheeked it necessary by stopping up tlic 
ventilating lioles. lien the combustion is linished the jule is carefully 
covered and lift to cool fm some dax \ft( r this the charcoal is 
remoxed, and furl hi r cooled, if nieessary, by water throw n u})on it. 
Sometimes, as m .\iistii.i and Sxvidui, (ir logs aie piled hori/onl.'div foi 
charcoal-biijinng. 

This process is exideiitlv xer\ wastel ill,- since all the xokitile products 
arc lost, except so far as their combustion wdthin the pile helj)s to 
maintain its temperature. A process of destructive drttillatiou in 
closed vessels was known to the alchemists, and is ciunlnved at the 
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present day. Wood in small jutccs or sawdust is carbonised in cast- 
• iron retorts, and the volatile products are collected. These consist ol‘ 
wood sj)iril or iu(‘lli\l alcohol, acetone, pyrohj^neous acid, which is 
impure acelic acid, and ^\ood-tar or crcosoU*. 

Th(‘ prodiieUon of charcoal Irom wood may b(‘ compared ^^Ith the 
formation of eo.d lr<nu carbomreroiis vei^elalion, the piessnre 1 ) 1 ' Ihe 
supcriiioumbuil sir.d.i m coal-formalion ha\mi| a similar eH'cct to hiLjh 
*tcm])erahire And jnsL as Ihen* are differcnl i^iadi's ol eo.d, naehnif' 
a maximum c.irhon-conlenL in anthracile, so lh«‘re .ire difl'efenl grades 
of charcoal, Ihe pcieiaiLn^e ol' carbon m which depends upon the 
tcm])era(uii of caihoms.ilion. 

Wood hei^nns to tmn blown at about ‘2‘JO (\,^ at ‘iSO’ (’ il becomes 
deep brown, and at JllO' C black, soft, and friable; when [irepaied 
at hii^h icinper.iliiK' eh.iieoal is, howe\er, brillle. 

Stem - has tr.icid the piociss of carliomsation l)V healini^ wood 
with W'.iter in s(‘alcd lubi's bclween V and C, wilh the 

follow ini( n'siills : 

Temi). ‘21,1 ‘2,)()-' ‘25,1 ’ ‘2(5,1' ‘275 ‘2S0 ‘2!M) 

Per C(‘nl. (‘aibon (51- .*J (50*2 70 7*2 8 71 0 77(1 SI :{ 

Iloiiis hcalniif 0 (5 0 5 5 5 5 

The amoiinl of caibon in the inoducl d(‘pends upon piessiiri' as we ll as 
temperature ; it never ( vcccdi'd 7S per cent, unde r almosplu ric [ircssnre, 
even at led heal. 

The followini' table .show^s the coniposilion ol' chaico.d piodiiccd 
at dil'ferent ((‘mper.itures : 






1 

1 


()\i‘i’ 

Temp (’ 
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.r)0^ 1 

I0->*5' 

1 100® ! 

1270 ' I ‘500 
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rar})0ii 
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70 (4 ' .SI (4 

SI 07 

S‘5 29 ' 

,SS U 90 M 

9 1 .77 
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Hydrotfcn 

Ox\p:(JU Mith 

4 01 

nr 1 90 

! 

2.50 

1 70 ' 

1 n 1 :*s 

0 7t 

0 ()2 

nili(/g<*n 

21 00 

IS(,I 15 21 

14 1 5 

i;5 79 

9 2.7 OK) 

.‘5 0:5 

0 9:5 

A^h 

0 S.7 

0(>I 11(5 

1 (.0 , 

1 22 j 

120' 115 

I 00 

1 91 

i 

100 00 

loooo'ioo 00 ' 

1 1 

' too 00 , 

1 

100 00:100 00 d 00 00 

1 1 

IOOOo!400 00 

1 


Thus by \erv slionir nimlion iu*arly, but not (pule, all lln ludio^^iai 
can be dmeii out of chaicoal. Wood-charcoal ordinanlv contains, 
how'cver, from S5 to 00 pi r cent, of carlmn and from ‘2 lo 0 pe r cent, 
of hydrojrcn. 

Durim; carbomsalion wood shrinks in \olumi as wa ll as losmir in 
weight. Thus 100 jiarts of wood >iel(l about (55 parts of charcoal by 
measure and ‘25 ])arls by weight. 

DensiUf oj CluDcoal.- -Since wood shrinks during carbonisation the 
density of charcoal is greater than that of the W'ooil Irom which it lias 
been produced. It varies according to the nature ol Ihe wood and the 
temperature of I'ormalion of the charcoal, but lies between I- 1-5 and 
2’0. This \alue, howexer, applies to charcoal from the pores of which 

* Perej, MUnlluitfif Fuel, p. 107.* 

■ Stein, Chew Zenlr., lOOJ, ii, 950, from i/rtr/y ('hem foli/ouat, 6, .19 

“ Koscoo ami Si’liorleinmcT, J Treatise on ('liemulry (Macmillan & Co ) 1911, vol i, 
p. 754. 
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air has been removed. The density of eluireojil eoiilaming air in its 
pores vanes frotti 0-1 to 0-2. The effeel of reiiiovinijr air from 'the • 
pores of eliareoal inav he sliown by Hoalmir some fia^menls of ehareoal 
on eold water and llien boiling the wabi lor souk (im<. 'Die air is 
thus dri\ en out of Ha* ])ores, and Ilu* eh.iieo.d (\tiiliiall\ slides in 
the ^\%ter. TIk same el’leel m.iv b(“ piodiienl bs plaeine tia* eliareoal 
and water in a (l.isk from ulneli llu‘ an is eonlinnonsb' pninpid. 

Ahsoiplion of (itfsi's hif i'luitcnal If a jneec' »)!' IksIiK if^nited* 
wood-eliarfo.d is inliodneed into a lube of aminoni.i i,ms standing 
over merenrv, tlie gas is slo\\l\ taken iij) b\ llu‘ eliaren.d, so tliat tli(‘ 
mereiiry rises in and ma\ (“\entu.illv till the tube. V similar I’ffect 
may be observed witli h\ diogen-snijihide gas. 'fins plieiionuaion, 
wliieh might snnplv lie e.dled absorption, is lirnad (uhtn i>l beeaiise 
it is essinliallv a surfaee pin nona non. It is a giiaial propi rty of 
solid liodies to eondensi* gasc's, \ apouts. .ind lajinds upon tla ir surfaces ; 
this [iropeitv rc ndeis dillieiill the washing of tiia lv dnidtd pri'eijiilates 
in giM\ ina 1 1 a* anah sis 

'rh(‘ gr(at(i the spieilie suifaee of a solid tin guater its power of 
adsor|)tion Now' wood ehareoal pnsfiits an (\<‘e(dingl\ gnat surfaee 
by le.ison of its edlnlar stinetiiK*, ibi tla* walls of imi\ mieroseopic 
cell tliioiigliout its mass contribute to tla* siipcrlieial ana, therefore, 
after the adsorbed air has b( ( n iemo\t‘d b\ ignition the eli.ireoal is 
able to adsorb maiiv linas its own \oluna ol aiiotlai g.is. 

'I’liis pheiionanon. which is eoniaelid with suiraee eia igy, was first 
obseiNul 111 1777 l>v Seheele and I’ont.ina, but lirsl him stig.ili'd ipianti- 
tativelv b\ Sanssmed who found th.it the (jiiantilv of gas adsorbed 
by a solid d( p< nded on its properties and its pri'ssme, but that ili nry’s 
law’ of gas-al)sorpt ion doi s not appl\. 

lollowing n suits w'ere obtaiiad by Saussiin’. Oia* volume 
of ehareoal adsorbs I lie following volumes of vainais gases measured 
at 12^ (\ and 721 mm 


Ammoiii.i 

1)0 

Nitrous oxidi 

to 

0\\ gen 

1) 25 

llvilrogen ehloiide 

Hr> 

Carbon dmxide 


N'lliogi'ii 

(l-oO 

Sulpliur dioxide 

(>.■) 

Kl llV 1( IK 

'A~> 

Hv drogi-n 

1 -25 

Hydrogen snlpliid< 

55 

Carbon monoxide 

1) 

12 



It will be obs« rved not only that there is a great dilTeicnee betw’ecn 
the voliiiiKs ol dilt( n III gases adsorbid, but .ilso that iaIimiI of adsorp- 
tion IS eoniii'eled with eondi nsibilil v 

Similar ixpeimnnts wiu earned out bv Iluntei ‘ 

Snbse(|ueiit work of Ch.ippiiis,* .loulin,'’ and Kavser'* (Miabled 
Ostwald ’ to (hdiiee a law of adsoiplion wliieli is expressed by the 
ecpiation 

e - /u/"* 

•wheie c - eoneentratioii or pressure of th<* g.is. n tin* ainomit adsorbed, 

' See Oshiald. Ijilrhitch 'It r nllqum • m n ('lumir lt)03. i, [•]) lesl-JililS 
^ Saussuu', (•/!!» Anunlvu ISII, /j”, J 113 
® lliint«'r, rinl Mmi , ls(»» ii\ ], 25, dbt , IS() 7 , 29, 111) 

* 1) Auhnhu. IKMI, 12, lliO 

= Jowliii. Ann ('Inni rhifs ISSI, |\ ), 22 , :J‘»7 

® K.iv'si'r, II inJ Anmtirn, IsSl, 12 , -Ijr) • , 

’ OslWivId, Mirbuch dn fdl'irnn men ('hmiic, lOlMi 11, 3, 232 
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, while k and tn arc constants which depend iipon the nature and temper- 
. turc of the eras. 

J)c^^^lr ^ has sliowii lhal [he volume of ijas adsorbed increases ffrcatlv 
with loueniiir o( leni|M‘ralure, as llu* follow in<r h^rnivs indicate : 



Vol at0“C. 

\..l . 1 ! is-, r 

II\droo(.M . 

4 

• 

o.") 

iSdiogen . 

15 

1 5.> 

Oxygen 

IS 

2:j() 

Argon 

. : 12 

17 7 

Helium 

2 

15 


This propeilN is now utilisid for separalmir Ihe rare i^asi's of llie 
air; for ch.ircoal cooled in iKpiid air w'lll adsoib owiren, .iriron. and 
nitro^reii readiU, bid has inuch h'ss ndhu nce on liydroiri n, lu'liiiin. 
neon, kry|)ton, and venon.*^ On tlu same accouni chareoal is emplovi'd 
for prodiieimr liiL,rIi \acua, smc<‘ it adsorbs the' Iasi Iracis of jras from 
an cnelosid spac<>. ('ondensalion lakis place dnrinir adsorjition, 
and therefore heal must be e\ol\ed in the piocess. 

Favre obtained the Ibllowinjr rcsulls for llu' \ohimes of ^ascs 
adsorbed liv 1 c.c. of eh.ircoal at ordinary lein])(‘ratnr(', and the 
heats of adsorjilion per ^ram of jras * : 


(Jas 

Volume .id SOI lied 

Meat of atlsni jilioii 


(• t 

<'<ds 

Ammonia . 

ITS 

191 

Hydrogen ehlorido 

100 

27 t 

Ilydiogen bromide 

— 

191 

H\ diogi-n iodide . 


i 17;3 

Sulpliur dioxide . 

105 

lOS 

Nitrous oxide 

99 

109 

Carbon dioxidi* . 

97 

15S 


Wood-ehareoal also possesses the power of adsoibiiiir eoloiirincf and 
other matters from solution. Imt in this jiropeih il is surpassed by 
animal ehareoal, under which these pheiiomeua will be deseribed. 

CiitaUjllc Inllunur oj (7a//iw//.--Not only does wiiod-ehareoal adsorb 
various prases, but it also possesses the power of jiromolmir chemical 
changes between tliem. 

If, for example, some fleshly it^nited charcoal is immersid m hydrogen- 
sulphide gas, and subsequently in oxygen, combustion of the hydrogen 

^ Pewar, Avn Chun. Php , 1904, [viiil, 3 , ,') 

* iSoo also Valcntincr and Sdimidt, I)rudp'<i Jrinahn, 190r) 18, 189. Wohl and 
Losanitsoli, Her., 1905, 38, 4ir,0 AIhs Hcinfray, Cficm. Keivft, 1907, 96, 9:i 

* Favro, Cujnpt leml , 18>1, 39, 720; Ann.'f^/nm rhift , 1874, (v], i, 209. 

* iSco also Miss Tlomlrar, Pmt Hoy. Hoc , 1910, A, 84 , 99, and Zcitsrh pfn/.'^ihal Chem., 
1910, 74 , 129, ^>87. Tiloir, tfnd , 1910, 74 , 041 ; Schmidt, tbid., 1910, 74 , 089. Beictor, 
Ann. Phymk, 19J2, fivj, 37 , 472 





. CARBON AND ITS COMPOUNDS ’ 47 

sulphide* takes place within the pores of the charcoal and suflicient 
heat is developed to i^nnte the laltcr, which tlien burns brilliantly dn 
the oxygen. It was. moreover, observed by Melsi'ii * lhal vlien charcoal 
saturated with eliloime is brought into drv hvdioiitn rormatiou of 
hydrogen ehloridi' lakes placi' (‘\(‘n in the dark. Fmihi'r. il was shown 
by Stenhouse tJial ehaicoa! not only absorbs obnoxnais <jas('s--as, 
for instance*, from sewers but also causes their oxithihem by the 
atnmsphere'. On this a(‘Comil charee>al linels practical applicatieui as 
a dcoeleiianrt 

Thus woeKl-eliareoal has Ihe pe>wer of hasleiiiiig eluauical action 
bctw'cen adsorbc'd gases; lhal is to sa>, it is a eve/e/b/s/ 

Animal Charcoal.— Animal ehairoal is ])re)eliie*e d liom lioiies, horn, 
•blood, e’te. Iinnc-ltlach\ or hone-ciKDCoah is eibiaiiuel b\ the' eleslnietivc 
disLillation of bone's in iron retorts, the dislillalt' e'onsliluling beine- 
oil or Dipjicl’s oil. Bone-blae*k eontaiiis about SO per e-ent of e-alciuin 
pheisphale, a little calcium earbeniate', semu' (‘ombineel nilrogiii, and 
only about 10 jie'r ce'iit. of carbon. The ibilowing is an aiiahsis of a 
goeid samjile of eliu'd boiu'-black 


Carlaai ..... 
Ca and Mg [iheisphates, (‘aF„ e'Ic. 
(a(X), 

C'aSOi 



SiO, 

Alkali salts .... 


10 ryi 
so *JI 

S 00 
0 17 
012 
o;i I- 
0 ;k> 


100 00 

The caihon is eliltiiseel in a very line'ly ehvieled stale* lliioiighoufc the 
mineral skeleton, and conse'epiently presents a very large* siirfae'e which 
posse'sses adseiiplivc propertU's. 

Bleitul-ehare'oal is iiiaelc by evaporating bleiod with jiolassium 
carbonate*, igniting, washing the* chanvd residue with wale rand hydro- 
chloric acid, and again jgmtmg. Tiie* potassium cailionate* riirnishcs 
a basis on whie*li tlie* cai honaeeons inatteT is ele-positeel and ie*nelercd 
poioiis. 

An arlilieial form eif e*liaH*oal, which simuiates animal e’harcoal in 
porosity anel aelseirpl iv e* jiower, may be oblaiiuel by mixing sugar 
witli be)ue*-ash anel igniting Ihe mixture 

The spe’cial characlerislie* of animal charcoal, on vvhie*h its use 
dcjienels, is its peiwer to le inove substance's freau seihitiem. For e'.xample, 
it is well kiieivvn that a brown solntiejii eif raw sugar is elecolorise*d when 
boileel with annual chaivoal. Olhe'r sul)staiu*es that are* similarly 
rcmeivejd fioin se)hilion are* ineligo, litmus, leidine*, the* colouring-matter 
of red wine*, the brown mat ter of pe*aty wate*!* or sewage*, astringent 
principles, and certain basie salts, as we*Jl as fusel oil from alcohol. 
It is upon this projarty that llic use of amnial ehareoal for filtering 
W'ater depends, and also its employ me iit in the* labeiratorv fe>r jiurifying 
organic compounds by reniov mg the tarr>" matter whieh is freepicntly 

' MeUen, Coyuj'* reml , 1893, 76, 81, 02 

■ Stcnhoiis(>, “Oil riiarceal as ca Disinfrrtant.” /Vor Roy liwl., IS.'jfi, 2, .'3.1, Phartn. 

J , 1866, 16, m. 

• Thorpe, Dictionary of Applied Cfumi'>lry (Longniana & Co ), 1912, vol i; p 266. 
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formed wiLh them. Animal charcoal is also employed tcclmically for 
, pnrifyinrr paralHn anti irlyeerinc, and its dust for inakin/r i\orv-hlack 
and hlaelviiiLi. Whfn Ih'- poivrr c^f Hd' (‘liaieoal js (■\h.m'>!(d if nmy 
bcrcn(\\((l l»\ iMii'hoii or li. .i' mciil wiMi leatjtiils. 

All tli(s( ])h. Monieiia are riiilh(T exaniidts of adM)ri)lion, wliieli 
includt's lh( lisrdion l>\ soluls of htpiids or siihstancts in solnl^on ^ as 
well as of n.i .< > 

^ IL is ehiellv ssih'ilanees ol laiirr nioheiiLM* weii»lil, esjxeialK eolloidal 
subslanees, whn-li au adsorbed from soliilion by ehaieoal.* 

From a slntK of I Ik th e<»lt)rism<r aelion of various forms of ehaieoal 
Kiitehl - sii|)])oils Ihe \ k\v lhat ammal ehareoal owt s ils (heoloiismir 
aetioM to Ihe piesenee wilhm il of orijame eompoimds stable al led 
heal 

Ihe llittiiv ol adsoiplion has bi‘< n d(“\ ( iojii’d bv Fnimdlieh® 
and Lose\,' whosi eoiieliision>. ho\s(\(r, ha\(‘ liet n eiilieisid bv 
Mcllam '* 'rile pnietss of arlsoi plion of iodine b}' \,aj»)iis loims (>f 
charcoal liU'. bei n him sliiraiod b\ I)a\js/* who has leat'lud llir lollowinf( 
eoiiehisioiis • 

(1) Adsoiphon ol lodiiK' b\ ehaieo.d eoiisisU ol a ^iiifaet eoiidi nsa- 
tion and a dillnsion (solid solnlion) mio thi* mliiior of Hit* eaibon. 

(‘ 4 ) Smbiet coiidt'iisalion is lapid, and eomphdt' m somt* hours; 
diffusion eoni nines lor weeks or months. 

(.‘3) Surface eondensalion is indi'pendetil of dillnsion 
(1) Sni,Mi and amm;d carbons possess, loiiirhlv, Hit saint jiowt'r of 
adsoiphon, coeo-nuL eaibon is mneh Itss (lli«*ienl <ind ils aclion is 
ehiellv due to diffusion. 

(a) Ihe anionnl ol adsoiphon is siKcilit* and dept mis on 111' nahiit* 
bolli of the solvciil an<l of Ihe adsoibnn,^ snbslancc 

Tilt' adsorjihon of phenol bt n/oie acid, and jneiieaeid fiom alcoliolie 
solnlions bv carbon has !)(‘cn shidied by (hislafson,’ who linds ihal (he 
adsorphon of })ierie aeid lak«‘s place in accordance willi Ihe lh('Oi\ of 
Frenndheh. 

Coke. — Coke is Ihe n sidne pio(hu‘td by iKalnii' coal out tifeonlacL 
wilh air hll all n olatilc mailer has b en remo\ < d ; il is Ihns a bv-prodiiet 
in the niannfachne of coaI-<^Ms (’oke is ofl. n math* also bv biirnnifr 
coal in covered h(a//s al'Icr Ihe fashion of ehaleoaI-bnl•nm',^ or by 
hcatiiifr il in special cokc-oieiis. Coke made m ovens is hard hishons, 
and (hnsc, pnsmahe in sirnehire, siherMirivy and mctalhe-lookmir j 
it is 0 ^rootl coiidnelor of Jieat and clcelriciu\ and (liOicnlt to burn. 
WJicn made bv iMirninij coal in heaps coke is dull black, sponov, and 
easilv combustible. 

The chief use of coke is for the suit lhii<j; of iron in Ihe blast-furnace ; 
but for this purpose only (he haivl coke made in ovtois can l)t‘ employed. 

Physical Properties of Amorphous Carbon. -A’p/r//?c //ly//. lake 
that of diamond and graphite, Ihe specific heat of anuirphoiis eaibon 
is variable and increases with temperature. In aeeordniiee. however, 

' For tho tlicoiv of adsojption of dissolved Mibstanccg, seo S Laj'iiiitt imi, Zcitsch. 
physikul Ckem , 32 , 174 

* Kncclif, Srtcntfi Intent Contfr \ppl ('hint , 15109, Sect. IV^. ii, 17. 

“ Freundlif’h, ('hnn , !007, S7» 

* Fienndlieh nnd Losev. Zni^rli phtf^tkul, Chrm., 1907, 59 , 2St 
® MlHaiii, Tian9 ('hem Sne , 1997,91, lOS:]. 

* Djivim, 7Vtw.s ('hem ' tioc . 1907, 91, 1000 

’ Gustafson, Zcitich Ehktrochcm , 191.7, 21 , 4.79 
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chlorate, wliieli has no action on diamond and converts graphite into 
grSij)hilic acid, nK)r(‘ or JiSs rc.ulily dissolves amorphous carbon, con- 
verting il into Inimic and nullilu* acids. This ii'aclion, ^\hich serves 
to dist ingiiisli l)(‘lvv((ii 111*' ddh n il! allot lopic Ibrnis of carbon, is kno^^n 
as Jh’odic's n acl ion.' 

Siigar-cliaicoal, \\«»od-ch.iicoal, lignit(‘, coal, anthracite', a^d soot 
are acted upon when hcai«d with conce iitrtded mine acid alone, 
giving brown solnihnis, toke- and gas-earixm do nol colour the acid. 
A nn\lin<‘ of cmici'iilraUd mine and snl])hnric acids dissol.cs all forms 
of amoi])hoiis (Ml bon; but cok(' is llic most resistant towards this 
reagent. Lignite and coal aie oxidised to oxalic acid by alkaline 
licrniaiiLTanaU solnlion: and alkali h\ pobionnti' dissolx es lignite. 

Amorphous caibon is oxidised lo carbon dioxide* when healed with 
sulphniK* aeid and polassnim da'liromab*, or with molten potassium 
chlorab' (n ml rale ; it combiiu's with livdrogeii under e(‘rlam conditions 
to form ('ll, and ('olbi ''dh snl|)hnr \apoiir, forming CSg. 

Carbon also combnu's at high temperatnies wilh melals, such as Fe, Ni, 
C‘o, lo form carbides -as, lor mstanci*, in the ceiiKiitation and casc- 
hardemng processes foi sU 1 1 .ind ri'acls with hmc in the eh cliic furnace 
to lorm caleiiim caibide ((/*.) 

Aminjihons (\uhou as a ./gc/iZ. --IlesKh's lx mg us('d as a 

fuel, amorphous caibon, in one form or another, linds application as a 
reducing agent, 'riie ‘’blowpipe riaclions on ch.iicoal," familiar lo 
every shuhnl of (|uahlali\e an.iKsis, ex'emphfv lh(' use of caibou as a 
reducing ageiil. In Ihese uaclions m< laihe oxah's, such as Ihost) of 
siher, bi'.mnlh, coppi'r, had, I in, arc rednetd to Ihe metallic state. 

Th(‘ use ol coke in the blasl-lninaci', of anthracite' m the reduction 
of tin and zinc on s, llu' pnx'iss of “ ])olmg " m eoppe r-snn lling, 
are examples of ikIucIiou bs c.irbon in imlallurgy. The e.irbon aiuxh's 
cn1plo^(d m the e h cliouK lallurgN of ainmmmm an* (‘onsiiiiKd m Ihe 
pre'Cess, and no dou!)l I hen material aids the rcduelion (d‘ lIu' alumina 
by combining wilh its ox\g('n. 'rix' jirepar.dion of pluisphorus also 
in\ol\<s till lednclion ol phosphalt' b\ charcoal or coke*. 

Conthuslinii oj C(ith(fH. \\ hen caibon bin ns m I'xeess of air or oxygen 
the pKxlnct consists of eaibon dioxale onlv : when, how'evir, caibon 
dioxnle ce>me‘s in conlact with glowing caibon it is nduci'd lo caibon 
monoxide. Il is an inUnsling epieslion win liar CC) is lirst formed 
by the din el combiislion of c.iibon cu' wIkIIui llu* product of combustion 
of caibon is a I oncc' and only C’Oo. 

Lang - belle \ed that all Ihe* CO foriiK'd w’he'ii oxvgeu was passed 
over gas-carbem al 500'’ owe'd its origin to the rednclieni of Cf)^, but 
Dixon’* jxnnted exit that Lang’s cxp('rimcntal results diel not ])rcclude 
the formation of (() pre'Mous lo and, monoNcr, thal ('(>2 Js not 

reduced to CO behiw 000'. IL IL Hakcr’s ('xju iimcnls appe ar to show 
that carbon burns in two stages, and thal when thoroughly dried 
carbon anel ox\gen combine the' chief ])roduct is CO. C. .1. JLikcr ® 
found that dr\ carbon which had aelsoibi'd dry ox'vge’ii at 12'" C. gave 
offagasat l.'iO’C. which was mainl\ CO. Dixon "has sliow'n that CO is 
' llriiilK', r/itl TtfUi'i,, IS.V), I/JQ, ; 240 . 

‘ Zril'tfh ('hurt 18X8,2,108. 

’ Dixoii, '/Vf///" ('htm Snr , IS'!'), 75, OIJO 

Ml 15 Hnl . 18SS, A, 179, e571 

• (’ .1 H'lkor, /’/*/, /s ('hrw Soc , 1887, 57, 

" DiNon, Stiange', .ind (trahani, Trans, Chem. Sor , 1896, 59 , 7e)9. 
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formed before CO^ in the coinhiistion of cynnoj'i*!!, i.e. of i^^isrons rnrbon. 
Finally Uhead an<l VVIuelcr * have proved from a consKlciahon of the 
rcliitiM* rates of the vaiions naetioiis between owi^cn, ('(), COo, and 
earbon that in the biirninir of e.iibon tin' hvo o\i(h', are piodiieed 
Miniiltaiii'oiish , and lln v - .in* of «>|)iinoM th.il tin o\\ n liisl riders 
the earbjii iiiol* eiili . owiiriiatiiii: il b\ foimiin,^ an iiii^l.iblr phvsieo- 
eluniie.il eoinph ( /Oi/. .iiid lh.it (hr era ri^v of this eoiiibiiialioii e.Liise.s 
soin(‘ of till' ow^iii molt iMili s Id (hl.u'h sonu' of the eaiboii .itonis .and 
de[>.iit vvith^luiii .IS moKeohs <if e.irboii dioxide, wliiKt otlur o\y;i[cn 
moleeiihs are “ tom ajiait in tlu proei ss beeome atoiiiisi'd -.iiid leave 
the (Ml 1)011 nioleeiile as eaibon monoxidt* '* 

Heat of Combustion of Carbon, and Relations between the Different 
Allotropic Forms. Small ditli 11 iiees h.ive bet n obs(.i\(d betwei'ii the 
lu'ats of eoiiiliiistioii ot tiu' diiriieiit alioliopie foiins of (Miboii. The 
follouiiii; v.diKs Wire olil.ained bv F.ivk' and Silbei in.inn ‘ for the 
riaetion [C\OJ. ir tor the eombiislion ol 12 ljimiiis of earbon to 
4 I< <,M'ains of e.iilxm dioxide: 

Di.iinond ( 1 ) . . !Kh2l() e.iloiKS. 

(2) . ‘)l 

N.ilni.d uMphile . „ 

('.1st -non i;i.i|)hile hJhl tO ,, 

\Vood-ehaieo:d . tMi.'MId 

riu' heat ol the KJietion |(’,0| uas found to be 2!>,()()l) ealoiies, 

'Phe I’ollowmiT li^nres wen obl.iiiiid bv Bert helot ' 

l)i iiiioiid (ir.i|)hite Ainoi |>lioiis Carbon. 

0 l,.'l 1 1) e.doi I' s 0 l,.SI() ealoi n s ealoi'a s. 

ildienee tlu lollouini' he.its ot (oim.ilion au* ealeid.ili d'’ • 

Diamond iioni .inioi pilous e.ii bon . .‘>.‘110 e.iloiK S. 

(ii.iphile , .. 2SI0 

Di.iniotid fiom <{1 iphili .‘lOO 

Aeeoidin^ to .MixIm.'^ Ilie e.iiboii obtained bv I lu‘ (ieeomposit ion ot 
aeil\l(ne is to be KLiaid.d .is .1 dislinel alioliopie lorni, whosi* heat 
of eonibusi ion is tll.ToO ealoins. uhiUl that of suii.ii-eh.iieo.d is !)(},()8() 
ealoiKs, 'ind of LiJajihili 0.*; OTO e.iloius. 'Phe (h’lisitv oi this toriii is 
] tlHt, and Moi-.saii h.is sIionmi lh.it it is not idtnlie.d with Kiaphiti'. 

I'loni .1 eonsidt lat loll of the .iboM* tlurm.'il dillermees lx tween 
diamond. *^n.iphite. .ind .aiiioi plioiis e.iiboii it ;ipp< .iis that the tbimation 
of ;rr,iphil( fioni diamond is an < iidotheimie n .u lion, and I h.il diamond 
eonl.iins h ss iiil(mal (iki^n than tlx otiui forms ol eaibon, and is 
then loK probabU llu’iin)''! stable moditie.dion at oidinai \ teiiip* latiires. 

Krom a slud\ of e (piihiuiiim in tin s\ sle ms C, CO, CO^ and t'e. KeO, 
CO, CO^j Seheiieh .111(1 I feller " eonclude that belwem 100 ' C and .SDO'' C. 
<,Taphite is the imisl st.ible .ind ehau'oal the le.ist stable ioini of earbon. 

' JdxMtl ,ninl Wluj'icr, 7 V«/f<. .sVw , l'HJ, loi, H.JJ, 84(5 

- Itlicad amt WIutIci. i/inf . 103, 4()| 

Ka\ re .11x1 Silbcrrti.ini) l/t/t Cln," l*hti , ISU jiiil, 34, lit 

* Rcrttx'lot, n ml , lss‘l. 108, I 111 

“ Pa»th arxl W.ill.isdi (lifi . 46, h.ivc found Itx’ lx at of er>nd)u^lii)a of 

graphite to lio 04 , 1 ? IS eali)iii-i 

• Hertliflot aixl J’flit. inn ('him l*hi/ii . I.SSO, f\i|, 18, .SO 

’ Mixtcr, Amer J Sa , lOO.*}, 19, 4:jf , 

" Schcnck and Fleller, Ihf , 38, 2 I,'J 9 , wf; also liir , 1907 , 40, 1TO4, and .\ 

Smits, D&r , lOOf), 38, 40 J 7 
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These eonsi(l(Tiitions have an important ))ranng on the reduction of 
iron ill tlic lilasl-luriiaet*. Ealeke,^ however, throws doubt on Schcnck’s 
eoneliisioii', 

Roo/( boom pomls oul - ilial fioni .‘iOOO'’ C,, at wliieh tenij)i‘raturc 
diamond is eom ( i h d inlo i^rajiluli , down (o .iboiil 1 ()()(> C . w hen phite 
IS stdl lh(‘ most si.dili ioiin of eaitiom diamond is m «i mi*l.isl.d)Ie 
condition (I’il; J). No tiansilion-poiiiL is known, however, lielween 



^rrapliite and diamond ; llierefore it apjxsars imeertain winch is llu 
more sl.dile loim al almosplieiie leinjieialuKs Ne\ ( 1 1 lit l» ss. by 
XernsTs Iheoit in Mhe transition It nipt laliire is calculattd to lx .‘172' C., 
below which It nipt ralnre diamond would bt‘ the most slabh lonn of 
carbtin. It has I'nrlht i lx t n (Miciil.iled tliat ^u’apJnlt' is convtaled into 
diamond at the l(mpeiaini(‘ of molten iron under a prt'ssiiie of about 
10,000 ahnosplit les ‘ 

Fusion and Vaporisation of Carbon. Carbon vaponses in the ch-e- 
tric arc iiiidei almosplnric pressure at about .‘JOOO’ C’.. and condenses 
as ii[ra])hitc. 'Moissan ^ has shown that when caibon is heati'd in an 
elect ric ruinace m a carlxm lube at ‘JtMlOampt res .iiiti SO \ oils it \ ajxu’ist s, 
and the lube is till) d with a liijhl dt posit, which by cln inical tests is 
proved to be j^naphilt Moissan was of opinion that eiiibtin vapour 
always vields iriaplute by condensation, but according to llerl helot 
the iilm dijxisiled on the ijlass of carbon tilaiuent electric lainjis is 
amorphous carbon. Moissau coneliidcd, moreover, that carbon nn^ht 
be hipKlitd under i(reat prt ssurc ; and showed that diamonds having' 
th(i a|)])earancc‘ of coni^ealed dro])s, besides occurring iiatiirally, nuifht 

^ li'nh k(', 7/n , 46, 7 to Sco ^()l i\ (Ihwspnos) 

“ l’<i<»/clH)<)in I*lnisf ntf fur, 1*101, p 171) 

® Nctii'.!, Sil-.unipftfr K \Lfuf Bediii, 11)0(5, p and Clnm Zenfr , 1900, 

II, .‘107 

* ('f Moissan’s wink on di.iinond, tins vol , ]> '5.7 

** .Alixssan, Ctinijit riinf , iSOt. 119, 770; sco also The Electric h'mnace, by Henri 
Moifls.in. Fnt, fians , 1001, p llOr/ ^rq 
^ llcrthelot, Coinpt u mf , 1003, 137, 589. 
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be prepared artificialJy under «jreat pressure. 'I’lint enHion po^\der 
cannot be welded by {^reat piessiiri* alone A\as sli(»wn bv S|)niiLi.* 

In a sliidy of (Ik* tluiinal (dfeels of Hk nnisical aie. I, a IJn^a ^ lias 
obtaiiad (\nliiiee oi‘ tlii‘ fiision ol‘ eaibon .uid ol' ils < i \ slalli^alion 
in pailielis wineli sink in broinoloiin and iikIIinIuu ioiIkIi .muI scraleh 
rubv. 


The ])li\sieal eonstanls of eai Ixm li.i\e lx « n e denial « il l)\ Crookes^ 
in the inlloNy rur inaniK i 

'rile ei 1 1 leal t( iiijx i.ihiK* of a snbslaiiei is al>oiil 1 a I mu s il s bojlilif^ 
or \ apoiisiiii; li nipt i.il me al aliiuis|)Iu ne pitssnit I In \ .i|)i)i isiii^ 
tempt Mime «)!“ eai bon is .iboiil .‘J.sTO abs ( .‘JiIOO (' ) , I lu 1 1 lore ils 
critieal lempt i.il me is aboiil aSOO abs l*'m I lu i . I lit ei il leal 1 1 nipt lal lire 
of a siibstaiiee is mimt iieall\ etpi.il lo.iboni “J a I mu s il s ei ilu d pit ssme ; 
sollial tlieeiiheal pitssiiu ol eaibon is abonl al mosplu'it s 

Iaisll\, I lie lilt liini,^-jM)mls of siibslanets llial siihlinu (t 'Ll arsenic) 
are about 1 1 1 ‘2 limes .is liiifli .is lluii \apoiismur b mpi lal iires al 
atmosplieiie jiies^uit , t oust (jiu nib IlielowtsI iiu II iinj pond of earlion 
IS aboiil MOO. lb Hit* appliealioii tif Mu Ibinkiiu \:m lii i \Vaals 


('((uai ion 


llu pitSSlIH eoi It spiUidllie tt) 


lliis lilt llm<f-poml Is ibmitl lo bt* abonl 1(» .il mosfilu 1 1 s 'rims llie 
folltiwmif pliNsie.d etmsl.mls ol e.ii’boii lia\i lx < n aiiiNtd al 
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'Spun;:. Ihw Chwi /V/ys . l.SSl, b ], 22,,I70 
^ Lii litiN.i, leii’i IJXi'l, 1.^8, -IT.") <)Ji» 

•* Croukc's, Proc. Itoy Hoc I'JO.'i, A, 76, 458 
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CARBON AND ITS ALLIES 


COAL 

Coal is tlu* name ‘(inch h> vaiioiis kinds of carhoiiifiTOiis material 
of V(*^r(‘t{il)l(‘ origin loiiiid iM llicenisi of Hie eaitli. N'cLTclahle matter — 
peat, lignite, sofi eo.il, ani lir.ieitr - forms ji senes of fuels winch show a 
regnlai gradalion in piopeities, though the plants which pioduced 
peat and lignite W(ie not of the same nature as those that g.i\c rise 
to tnie coal, (’hdmealiv, the tiansldrmalioii of \eg( lahletiemains into 
coal has eonsishd in tlu* loss of \olalih‘ maltir, and the eonsecpu'iit 
increase in tlu piojiortioii of carhoii. This fact is lilnstrated In anahses, 
thus : 



(\iilion 


()^.^ and 
.\ll 

Wood 

t0-7() 

Oil 

U 80 

S|)hagnum, chief jikml of jical- 
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It is nolcwvorthy that in the course of translormation of \( getablc 
matter into coal the diniinulion of hydrogen is small eompan'd with that 
of oxygen and nitrogen. This fact is of gnat economic impoitancc. 

Peat. — IVal is produced fiom plants whieh grow' in hogs, especially 
bog-moss or sphagnum. Below' the surface of the bog the \egelablc 
structure gradually gi\cs place to a black, somewhat gelatinous mass 
of ])eat, w'liich is cut into blocks, drii'd, and used as fuel. Ilc'alher, 
grasses, si'dgis, and trees may giv(‘ rise to peat; occasionally the 
remains of trees, such as bog-oak and bog-jmic, of an ebony-bl.ick colour, 
arc fouiiil emlx'dded in peat. 

Peat consists <‘sscnlially of W'ater. inorganic mattiT, \egetablc fibre, 
and humus. It is produced fioni vegetable matter, jirob.ibly through 
the action of micro-organisms, w'lth gradually mcri'asing ]jr(‘ssure of 
superincumbent material. Thus a bed originally a foot thick may be 
compressed to three niches ; and if peal is liiiried beneath drift or clay 
t^’le pressur*' upon it may lie further increased, and conditions set up 
wlijth w’onld (\(MlnaIIy transform peat into a kind of coal. 

Lignite. — Lignite, or brown coal, is mU'rmediate in coinjiosilion 
bctw'eeri peat and coal. It is riglitly called fossil w'ood, for it consists 
of the refiiaiiis of trees and shrubs of the Tertiary t‘poch, which 
closely resembled those of to-day. It cannot be regarded as coal in 
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pr^Ms of formation, since- the latter is not (icr.s..l lioni «,hk 1 ; ano 
It ailfcrs from coal in hein;; casilj acted on li\ mine acid II is variable 
m coniiiosilion, hardness, and colour .Id' is a mix liaid Miihlv of 
uliu'li IS ])rol);il)lv (ItiiNtd Iroin comiIV n)iis wnod 

Ori|(in of Coal. V studs ol llu* it l.d iDusliips of Hu c.n iionirt rons 
to otiu'i sIndM, and oi {in Inssds fdnnd in the co.d im .1 .im s. luaht's 
possible ;x ( lilts aeeiM.de s n w tti Iht* oii'mm .muI iM<id< nl linni.diDn of 
coiil ( oal#l)( .iiniLT sti.d.i oenn lirst ni tin Id.i pnin.iis loeks ol the 
eai hs eiMsl, and uruv in s.moiis sii1>m t|ii. nl h.i ru.d The lloia 

aiKi (anna existinir ssliui tnit tod ^s.^s rnini.d u. 1 . tus ddh rent from 
hose 0 the ])ivsuil d.is. The x. -it.dion t.l the eo.d p. immI, as shown 
Uy lossil remains, was ehn IK eis pltn^r.nnie, eonsislnio of | i, nis 
reeds, ef|nisela and eluh mt.ssts, hut eonil.is .iiid tseads also 
oeenn-ed, and tlan vt.ts. Ion, 11 ,,., (p.. ^ p,, 

Inhnted in Iar^^• p.nl to the eoal. Toit st Ints. how. st 1 . .„ej, as oak 
and elm, Jiad not sc I appi .ncd 

.U1 this \(}r, (alion lloiindnd c\cc,diii..|\ m maislie land ami m 
an ulmosphcrc rich in cail)on-dio\idc uas. I),ad and dM aMiio sci'cta- 
lion Has bulled binealh snecKdiin; laeirs ol sninlai' nial.iial, or of 

sedimeni hIiicIi hiiidi ned inlo iixk, llms I and mer- 

mcrdisim; pressnie, l.\ I he acme of l.aelma linl in I In alls, nee of 
air, layers ol eoid w’tie LM.ithi.dls loiniid 

Vaiions attempts li.ise Ix.m ni.id. to nml. dt aihliei.ilK the pro- 
ccssc s l)s wliieJi et),d has eonn info 1 \is|, net*, hs siihniil I mil'’ e.n honacc'ons 
material to hi^fli pussnn .md (t nipt i.d nit Spmi'' • siihnnllt'd j)(*at 
to (lOOO alniosphci.s pitssni.*. .md eonstiltd it into a h.nd, blaek, 
.slimmer sidistance like eo.d Niolclo- ht.d.d w.iod lo maily 100" C. 
in <i sealed (nhe; Iht \<i|.ild« pitMhiels cscitid ,1 pies-sine, and 

the solid rtmaminir h.id Ih. .ipp. .ij.mct o( .. I’dfs . o.d C.i^iM.iitl dc 
la lour-* peildiintd simil.n t \pt 1 mi. ids, .md Fitms ^ la.il.d earbo- 
hydr.dt s and nhme.iei.l *' m s< .d* ,| lidx > lo.ihoiil .‘lOO (' , .md obtained 
the lollowmir eo.d-hkt piodnets, which si. I.h d walu, <ms I.u and 
coke by dcsl metis e distili.dion 
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S. Stem has (Minetl out experiments with wooel Inabd with WJiter 
in scaled tubes, to which refeiemce has been inaelr mideT eliareoal. 

' Spiino:. /JtfW It ff? "•»/ thhj l‘'S0. .^9^ ;ih7 
" Violftte, *1/0? (^fum ;iii , 32 , ;}ni 

* Cat^mard do l.i Tom, rVywp/ rpnd , 18.71^32 296. 

* Frcniy, Comf/t rend , 1879, 88, 1048. 

* Stein, Chem ZeMr , 1901, 11 , 1900. 
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More n'OciiUy Bcri^ius ^ has iKsatocl pc'at, cellulose, and water to a tem- 
perature of .‘UO ‘ C. lor eii^ht houis at a pre ssure oF 100 atmospheres, mid 
has thus oblamed a lmel\ (li\ ideal hl.iek pow«le*r, verv siiml.ir to e)r(lmarv 
coal so far as its eemipositmii and epialil.it ive* ri\ieti.)us are eaniee me d. 
Subseapient heal imr to aboi c 000^ C. iinele r pi • ssiire* ol al)oul ."lOOl) al mos- 
plieres \ leldc d a e‘nln‘n-nt mass k si mbliiiLT <'<)al m ils plivsie-al pi^jx-rties. 

Chemical Conslitution of Coal, liiilie^ was known iinlil lee'ently 
about Hie e liemie.il ennsl il ill ion eiF eoal. Consi(b*ral>le li'jli.l. howi'vei, 
has bee'll thrown upon this diflie'uK preilile m bv Hie woik oF Wliei'ler 
and Ins e'oll.iboraloi s, fo wliieh re'Feiene'c' wall short Iv be m.nh*. Kirst 
of all it m;iv be* said Hial the' nnmbe'r and e*omple\ilv <>1 Hie prexhiets 
of the elesl rnel i\ e elistillalion eil eeial in Hie* m.iimlael ni e of e-oal-i^MS 
throw' little' liiilit upon the* e'onslitulion eiF eo.d itsell, Ixe-aiise these 
produels m.i \ have bei'ii lorine el or aile icel m the* proes'ss of elist ill.it ion, 
and the* pi'njiorl ion be t we'e'ii Hie'm ee'rtainlv vaiie s wit li vai \ mu e'oiulilioiis 
of tre.il ine'iit 'Jdi.it e'oal e'annol projii'rly be elesiTibed as an allolropie 
form of e.iiboil in.iv be pid^eel iVenu the fae*t that it is not ci I’l.iin lh.it 
e^ e'l’v kind ol e'oal e*emt.iins liee* carbon at all. Probablv lii’inle eonlams 
no fie'e* c.ii bon, blit anthrae'ile uneloubte'div e'onl.iins it . (‘.nisi le soela, 
potash, and ammoni«i e'xlr.ie*! hmme aeiel lioin pt'.il and lii^mle, but 
not Irom tine e'o.il When lii'iiile is fused with e'.nishe soda p\ ro- 
cate'e'hm is oblaim d. Tine* e'oals do nol Meld this e*omponnd. 

'Idle m\ < st leal ions eif Wlii'e h r - .iiid olheis we i’i' eomineneed W'ltli 
a view' to e'lueidate' I he e'aiise's anel e'oiielilienis of Hie' e\])losn»ns of mi\l iii es 
of coal-L'.is and air m mine's. 

Il h.is bee n shown bv tlie'se' eibse'rvers that m the' e-an fiil desl ruef iv e 
distilkil ion of eo.d elilTtre'id vol.ilile proehie'Is are' oblaine'el .it dil'leiini. 
temjieralmes. KHmik', pmpane, butane, and hu^ln'r memlK'is of the' 
senes ol p.ii.dlin li\ elioe'.irbems form a lari^n' pe'ie'e'iil.iee* ol tiu' i^.isi s 
evolved below' l.dO' Id 'Idle e\e)lution eif Hnse' ij.ises e*iases, liowiver, 
above' 700 ’ (d, .ind h\ elroi»('ii anel eiviele'sof e'arbon Like Hu ir pl.iee, so I hat 
the composition <if the esolviel j^ase's show'.s a maikeel cliaime at T.dO 
800“ C, .1 eTil le'.il pe'iioel ” Imiu^ belw'cen these te'inpi'r.ilmes. It is 
inferre'el from these ])he*nome'na lhal. “eoal eonlams two tvpe's of com- 
pouiiels of elilfe'i'eiil d('i>ree's of e'.'ise of decompeisil ion -Hu' one', the 
more imst.ibli', yie lehn^ Hie* ]i.ir,illin h\ (Iioesirbons .'inel no hvelmne n ; 
the otlu'i', eh'eomposeel w'llh erealer elillie'ullv, Melelmif hvelro^e'ii alone 
(or, ])e)ssil)ly, luelro^reii and Ihe e>\ieli*s eif carbon) as its ^Mseous di e'om- 
positiem pioelne't.” 

AiioHu'r mode of attack was to tre'.it the eeial with various solvents. 
This had be’en elone befeire, sue'h soKeiits as ju l roh um-e t lu'r, ben/i iii*, 
and alcohol ha\ m«r be'e'ii iisi'd. Pyiielme'.'* more'ove r, had lu'e n found 
to be a valuable .seilvenl, whie'h now' yielde'el import.int ri'siilts. rvridme 
e.xtr.ie'ls from eo.d that |)orhon eif it w'hie’h j»i\e's rise* te) the* juirallin 
hydreicarbons on elestrue'tn e dislilLilion, teiire*ther with .seime eif the 
hydre\ee'n-N K'ldini^ jieirtion. Re-e\lraetiein eif the' p\ inline extract with 
chlorofeirm eir be'nze'iie' iriNts the par.dlin-x leleliui* Irae'lion f.urlv pure. 

* Ucimiis, ./ Sn( c/irm Ifi'f, I ‘1 1 3, 32, Ui'.’ 

* Oiup'ss iiinl Wlici l<M, (’hr)ii XW , imn, 97, 1017 , lot I. 99, i»in (’hrk.'ind 

Wheeler, Tuni'> i'h<ni Sm , 101.3, 103. 1704 Whci-tu. Tifiii'> C/h m .s'(« , 101‘t, 103, 
1716 and \Vl)rf|rt, C/inn Snr , 1014, 105, 131. Jones and Wheeler, 

Trans Chtm Svt , 1014, 105, 110, 1010, 109, 707 

® T Jl.iker, Tnnw lust Mm Kng , 1000, 20, l.iO. P. P Heffson, J. Sac. C/icm. Ind.t 
1008, 27, 147 Ddiiath, Chem. Zt it , lOOS, 32, 1271 
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This product is oC a r(‘sinous nature, whilst the ])orliou insoluble in 
cliloroConn is a (l(‘i,Ma<i<iti(>n-))ro(luel of etlhilos(\ / e. a liiiiiiiis siibslancc. 
Tile “ liinnus siibslaue< s,” wlulln i I' 11 ui the eoal alh r ( \li.ieliou w'lth 
jn ndiiie or as a lesuliu afb r elilmofoi in ot in n -( \l Kiel ion, W'(TC 

IbiiiKi lo \i<'](l on (list illal ion inainh piunoK, winisl IIk' "ksiuous 
snbsla'.’fis ■' \i«I(l<tl no [)lu nols, l)ul olrlines .nul na|)lil In in s, .is well 
as p.n.illiMs ' 

Tin M yioihiels .in* tin* u mains n ''pi eli\ » 1\ oi' I In I'lsinons eoii- 
sliliniils and wood\ libn of .1 '' monstt 1 \(<;((alion wliieli lloiiiish((l 
lono lx toic' lln lailii was mliabilid bv man 

'riie dishllahon ot bilmnmotis roal m .1 \aemim at IcmpiMatnres 
not txendiiii; l.‘}()(' \ n ld( <1 finlher mioimahon •* u i( Ii i» !:aid h) the 
resmons siili'-lanees, and 1*111 1 Ini (vli.iclion ot tin* |)\ i idiin -elilorororni 
exiraet \mIIi pi nt.iin \nid(<l ei'\s(als of paiaDin \\a\ ot mi ll iiiir-point 
.j,} at) \v iiieii toi iin d .iboiil 0 I |xi trill oliin oii"md(oal 'Diesc 
rtsiills Iia\( i( d to tin roMiml.il ion ot* 1 lh(or\ with O'Mid lo the 
com pounds in eo.il i(s< IT w hirli \ n Id \ ol.il il< li\droeaibons b\ < list illation 
.it low It nipi i.ihiK . 

latpnd 01 L^asi oils ))aiallms eannol ha\(‘ bttn piodiind by the 
theimal di eoinposil mn ol I'lti solid pai.illiiis, wliiehairnol pit stall in 
siiDien III (pi<mlil\ and inillni ran it lx* liioii^lit llial lln\ aii‘ t'ornietl 
b\ pNiortiiif sNiillnsis nntit 1 llir (‘ontiilion> <»1 lln t \p< 1 imenis. It 
]*- btliMid tli.il tins an* pit tad in lln t‘oal siibslanet ettnibiintl some- 
what lot>,i|\ with a less Nolalile itsitliie litini wliieli tiny air IiIh rated 
by mtxlt ialr hral 

'I'lir tlisl ill.d nni til* “litr" paiallms htmi ‘'bound'’ molcmJes is 
lluis n ))ri st nit tl 

KII 1 - B ' CJIjN 2, 

or 

, .n 1 c II, , 1 (' ,ii_,, 

A similar t \|)lan,dion is appind to tin- biiakmif tiown of t tli\leme and 
n.ijild halt me molt riilrs ‘ 

Fiom a linimal sliith of lln pitxx'ss ol t‘ai bonisal ion of eoal and 
relatt tl siilistanet s Ilollim.^s anti Cobb am\ e .it tin- I'ltllttwin^t con- 
clusiom • 

(1) nilt)w too' (’ ft llnlosr slit)wsa slioiiLdN t \olln imie h aelioii be^m- 

nm^r al .*{Ia (’ , ,ind |iiobabb tliir lo loss of h\tlii»\\ I 'ptnips, and eon- 
setpirnl molt eiilar eondt n ^.d ittii ( oal list It tlot s not ^ Imw tins i(‘aelion. 

(2) KM) ’-(iOO (' is lln Itmptialmr mltiwal m wliirli I hr eharac- 

terislie tldlrieiiers m tldhnnl l\pts t)!' etial an rxhibilttl. Oils, im- 
satiir.ilrtl h \ ditxMi bons hn^dn 1 paiaMiie. and t>\\ t,n nalt d eompoimtls arc 
e\ol\(il. tin thrnnal pin noun na \ai\mu with lln (pia1d\ ol tin eoal. 

(;j) (11)0 -S(M) C llu It nipt rat lilt iidti\al m whieli nn thane is 

e\t)l\(il, anti all coals aie t \ol in rinit‘. IT Ihr e.ii lioiiisal mn process 

is on the whole tNolInnme. Mn thermal reaetmn al this slai^e is the 
predtnnmaid eaiisi. 

(1) Abo\i‘ .S(M) C h\ tliotren IS the ehiel |>it)dnel, ainl tin ehant^e is 
themiallv neiilial. t>r shixldh entlolhtimie 

’ .It)n(‘s iiiitl Wlifiltr, Ttaii- ('him Sm , Kill, 105, , I'll.’), 107, 1 tlS 

- Ii0\u>s Tin ('itrboni'^ttiiiii nf ( t«f/. Ltimidti, l*)l_‘, |i 2 \ 

“ Similar ospfiiinerits li.ivt' ht'cii t.irriftl tmt li\ J’ltOt nytl ll')U\iii (('nwpt rend, 
1913, 157, 779) * .font's .lint Wlift-li i, 7Vflon (’him .s'm , |'ill, 105, H(» 

* IloUmgs and Col))), Ibnsi'^ ('liim Sm , 191 "i, 107, Ilaii, 
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Varieties of Coal. — Triu* coal is(li\ idcd into two classes : bituminous 
coal and anthracil(‘. 

Jiitumintfffs coal varies considerably in coniposition, l)ut bums always 
with a Innnnoiis and ‘smoky llanie, and yidils bv deslmetni' rlislillalion 
in closed relorK liulroirjii and \olahle h\diocarbons, \\hich com[)os(‘ 
coal-f^^as, ainmoma, w.ibr, and t.ir or bilunieii. f 

Two \.iiieli(s of lahimmoiis coal are e.ikmif and non-eakui<^ coal. 
Cakiii^r eoal mi<l( r^^oes ineipK nl fusion diiimiif biiniiM*^ beconun;' 
pasty, and valdm^r n \aint\ of coke whieh is eellnlar ami dissimilar 
in form liom (he eo,d. Non-i*akmuf eoal shows no si^ns of fusion wlieii 
bnrnl, and dots nol Meld .1 Irm* eok(‘. 

Cannel ( e.mdl(‘) eoal, also called parrot eoal, is a lu^^dily bilu-^ 
ininoiis kind ol eoal wliieh takes liie when ludd m a Maine II is dull 
black, anel slious nei banded .slineliire, bid has a eon(‘lie»id.il fr.iel nre*. 
It is olle n iieli in mireierin, which is de‘ri\(‘d fioni llu‘ lem.nns ol lish ' 
embedded in Ui<' eeial wlieai it was l)emif kud deiwn nndea water. 
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A. St Ik'le'iH, Laiuashnt' B I )eav l.iis, S«)u((i Wale's V ainl I) NorthumiH'rliineJ 
K F 'rytiC'ielt* 


Anthracite, produced from \eer(‘lable matte. r by loss of the* maMiiium 
amount of \olalile eonstitui'iils, is haid, black, and mel.illie-lookmer. 
It burns williemt smoke, e»ives a maximnm heat of eombiistion, and is 
used Ibr steam-iMismif. 
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1 Newberry, Amtr. J. Hci , I8o4, 11 23, 212, Rofc, Geol Mag , 1800, p. 208 
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PrccarbonifcTons' coals, such as anlliraxolilc, sclumi^itc, and pfniphi- 
toid, conlam an cNcn Itss proportion of \oIaliK‘ inaltir than anlhracitc.* 
They aic nict.iinoipliic cocds, Inil crnil.iin then c.iihoii in (ht .nnorplioiis 
stale 

The Gases in Coal. ll is nol mcissais hn coal lo he lu'ah tl in order 

10 iri\'/ oil li.is. Miu ll ;.r.is IS (Ueliuhd or .kIsoiIjkI in ee.il. ni is |)( nt up 
ill ca\iins 111 (lie scams 'I'liis i^.is is elm ll\ nKlli.iin. .iiwL Ikc.iiisc it^ 
is I lie e.u^se ol lius and i \pli»si(»ns in miiu". i( is i,ill«il lin-dainp. 
Owiiiir 1(1 ||i(> |>|i\ sical eiindil inn ol (hr lms in llie enal. i( > i.ih ol e\olu- 
lion Is inilneiici (1 h\ \aii.i(inns in .il mnsplu i le pitssno In nei‘ miners 
aie warned lhal a sudden fall m Ihi* harnimlii mdie.ih > danj^er from 
(‘xjilosion oriin-damp Tin occni n nee of im l liane m enal is connected 
willi llie \ eee (able oii'^mi of lli(‘ lal h i .liisl as mais|i-n is is Lfeneratcd 
by Mi^ilabli malbi d(i'a\mi,^ mule r w.ile r al llu posinl d.iv, so was 

11 produced Irom lln plants ol llie e.ii bonileions piimd No doubt 

mncli of Ibis nas (se.ipi'd, bill sniiu* KinaiiKd adsnilxd uilbin the 
sliiieliire of I lie enal m pinei NS nl IninMlmn ll is parheiilaiK m deep 
miiKs, and IIhkIoI'' wIkk coal is iiiub r pi’issiire, llial fire- 

damp oeeiiis, 

'I’lie eom]»osi(ion of llie i,Ms which e.m Ik‘ e\lraeled Irom coal by 
healini; il lo 100 (' in vtK mt has been m\ eslnrali d l)\ 'riuaiias ^ The 
followiiie' are lepK senl.div ( analNstsof Ihe ^as fiom 100 ijiams of 
eo.d : 



OitiiTniiionsf'oal 

iS|fMin ('(lal 

Anlliiai’in*. 

Volume of g.is 

. 1 .■).*> 1 e e. 

1 17 1. e.e. 

(»oo 0 e.e. 

Pi lei nlage ol CO . 

. .*) < t 

; „ 

1 1172 

cii, 

. , 0.170 ,, j 

07 In „ 

SI. IS „ 

„ 0 . 

1 0:5 „ 

1 02 „ 


M N2 

20 7.*) „ 1 

1 

12 01 „ 

1 10 


'Phe nil ah r \nhime of nas nblaiind fiom .inlhiaiile is due lo the 
fact lhal. bt mn pninns lhan bilnmmons coal, il n lams ils gas 
heller lhan Ihe lalhi diiiiiiij omoxal Irom Ihe miiM , 

The gases m coal lia\e been in\ ( siig.iled 1)\ 'riobiidgc 


ATOMIC WKIUIIT OF (^MtBON 

Tn his oMgmal l.ible of alomie wiighls, pnlilislnd m ISO.*!, Dalton 
gave -t-.'l as the alomic weight of c.irbon, bill alle'td this m ISOS to 5. 
Prout, III ISlj, wrote C - 0, and (iindin altiibnh-d Ihe same \aluc to 
the cipiivaleiit of carbon. Tlienard, in 1S‘20 a<'<'(pted for llie atomic 
weiglit C 122a (II 1), Mdssner, in Is;}!.. (' 1*21. (11=1); 

Kuhn, in 1.S.‘57, (' 0 1(11 1 ). 

This confusion was renio\ed b\ Ihe iteogiiilion of A\ og.idio’s theory, 
and the fad tli.il in*vi r less than 12 parts by weiLdil of carbon are 
present ill a moleeiilar proportion of any of il^s vol.ililc compounds; 
^ Thomas, Trav^ Ckem. AV , IHTH, 28, 793 
* Trohridj^o, J Sue. Chem Ind , llHKl, 25, 1129 
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though Wanklyn,! in 1891-, unsuccessfully attempted to revive the 
• value C --- (5, on |]u‘ irionnd that Russian kerosene contained hydro- 
carbons in whose molieiihs there would appear to be presi nl ‘half- 
atoms ol eaibon, /• a, (’7^11,5, if lh(‘ atomic wiught of e.iibon were 
made i(|nal to 12. 

Allhoiigli llie sjxeilie lu.it of carbon \aii(s for llu* difh'iL/it allo- 
^tro])es, and also v.iiks in Hk* c.im' of each allolrojie with temj.riatnre, 

It anpioaelas a eonstanl xaliK, which is lh( same loi diamond and 
graphite, at about (.1)0 ' C. Tlienee, if (‘ 12, the atomic Ik a^ of carbon 

hecoiiK's .» a, a \iilin eom])aiab]e with tfiat of analogous eji'inenls (see 
vol. 1 (this s( ii. .), 00). 

In tlie JNiiodie Ta])le there is a \acane\ for an element exhihilmg 
the same gdinal pioperlies as carbon, llu atomic weight of wJiich * 
lies b(‘twe( n those ol boron (11 0) and mtiogen (1 1 01) 

Ihe inelliods emploN.d m tin aeemale d( terminal mn of the atomic 
weiglit of earhon have Ik < n manv and \ari(d, but tluy all fall into om* 
of two cafigoiKs, nam(l\, (I) phij^ical indlnKls^ l)ased upon di lerniming 
th( densih. s of g.iseons compounds, and {2) rfinn/ral nirfhods, d(‘p(nding 
upon the combnslion ol carbon or the analysis of its compounds. 

(1) Physical Methods. On the assumption that Axogailio's theory 
is rigid 1\ line, and IIkkJok* Ihi'il o\\gen and (‘aibon mono\id( undergo 
no change of \ohime wlun the\ aie scpaiatih con\erl(“d into carlxai 
dioxide, Ihe molecular weights ol th(‘S(‘ Ihiee gasis can be compared 
by detei mining lluir dinsilKs: so that Ihe atomic waight of carbon 
can be calculated il Ihtil e)f eiwgeai is know'ii. 

Uollasle)!!,- m ISl t, iiist calculated the atomic weight e.f carl)on in 
this manner fienn the eleaisity de termmatieins of Hmt and Arago, namely : 

Density e.f eixvgi n (.III* -1) .. 1 l().‘r>!) 

Densils e.f caibon die)\id(‘ - 1 alOOI 

lienee, atomic weight of carbon (O H. 00) 12 00;{ 

Rerzehns and l)nlong,3 m ISIO, eibtaiiu'd the* Iblle.wmg \ allies : 

l)e nsitv of owgen (air -1) ~ 1102(1 

Density e.f carbe.n elie.Mele* - = 1 .Vila 

Ilenceg ate.imc weaght of eaibe.n (() k; 00) 12 2t. 

They con til nit el this ^.dlIe• for the atomic we*ight ofcarbe.n by a cheimcal 
method (iulr nifta). 

On the* aiithe.iity of Be‘r/eliiis this Nairn* w’as acce’pte'd for a immbe*!' 
of years, tlujiigh It. 1) The.mse.n,^ m obtaine'ei the ligiire C 12 000 
by a de-nsily ele teimmatie.n. Wre'ele*,'’ he)we*\e*r, in 1812, siibse'epientlv 
to the che imeal me lhe.els of Lie big and Re‘dtenl>ache r in 18 tl, pomte-d 
out that carbe.n elie.xiele is nie.re* ce.mpre^ssible at ordinary temj.eralnres 
than corresponels with lleiNle's law, and that e.XNgen the*re‘fore yields 
less than its own ve.liime of carbon dioMele*. the* de'iisity of which is 
corre'spe.nelingly high. lie* e stimate d the* leleal de*nsity e.f (-arbon dioxide 
to be l-.Vi087, that e.i e.xygen M052, anel that of carbon monoxide 

' ^\ .inklMi, y/ I HrjHut'if I sat ; ('hi)n liS94, 70 , SO 

^ Woll.'isti.n, yV/j/ /'taut, 1814. 104 , L’ei 
> JJeMZflius anel DuIi.hl', (’/iini I'/nfi , ISlO, 15, 302, 

* Thomson, llecordJi of OVncraLVf jc/ier, 1830, p. 170. 

® Wieele, Johu'^bn , 1S42, 22 , 72 



CARBON AM) ITS COMPOtnsTDS 61 

0-96779 ; whonct* l)v comparison of densities h(’ ol)lninrd the following 
results : 

Kiom the laho CO. CO. atoinie weiylit ol ( l‘J 0‘j;i 
(O O , „ t IJO-JI 

(0-0 „ .. C- 

th(‘ niej. i \ a!ue hi mir C I‘J ( () - l(h. 

'I'hi' .ih(i\e ii suits, lu>\\i‘\ii, aie miiiK of hisloiic.il iiih test. 

Modi 1 M in\ esliir.itois ii.i\ e. liki Wii-di*. rieoirmsid liii .i|)pi()\iinale 
charaeti r of A\ ocf.idio’s 1luoi\ .nut di Nisid methods \\hiril)V ii.iseuiis 
dcnsdies m.i\ he utdisid ioi the (h ti-rmm.d lou ol exact moleeiihir 
weii^hts. Of ihest' im thoits. I). liirlhi lot's “mithod ol Imutiii;' 
, densities " and (hi\<‘\ “method ot eiilieal eonsl.inls ' have been 

('X'plaini'd in \ ol i of this sein s. Lediie has dtvisid a third method, 
the “milhod ol moKeiilar volumes." vvlueli is m pimeiple identieal 

vvdh llial of i»(i[!i(‘Iol .dtiiou^ii tin actual nietliods ol (‘aleulalioii 

a(l<)|)le(l h\ Ledue an somewhat ddl« n id Lulue' has deteimined 

till- d< iisilii s of eaihon monoxide, eaihoii dioxidi'. ai-i l\ h m .md owijeii 
at N 'I' C K lal iv f l\ to I ha I of air, and also m< asuii d I he eoiiipK ssihildies 
of tin si' (rases Ills diiisilv lesulls whin that ot oxv^ren is unilv. are 
as lollow • 

CO ()S7I0.>: CO^ l.*Ss.T2|.: Cdl_, OSI'M, 

till' valins for Ihe oxides of eaihon In mil m exeelleiil aL'iiimenl with 
Loid Itav l( iL.rh's data for t he saiui irases !>( due s mi ( hod ol ealenlation 
hads to the followniij ii suits 

INloleeiilai wi urhl ol ('O ‘2S OO."), whence atomic wi lirlil of C Pi-OO.”) 

„ , ('O^ llOOo, C I ‘2 DO.*) 

„ „ ( dl, ‘2(iO‘2(; , C - - 1 ‘2 OOa 

where 0 1(1 and II I007(»2. and tin' same nnihodol ealenlahon 

(Tiv es I'oi niel ham tin ii suits Moh eiilai \vi lirlil ol Cl I , I (J OtUJ, w lieiici' 
aLoniie w ( luhl ot C I'2()(K} wlnn llaimn and IN i iol s \ alue “ foi the 
weiiihl ol a 'noimal Idn of the jras is adopled, m/ 0 TKiSO irrammes. 

I) Ueitlnlol, m ISdS ealeulaliUL' h\ his unIhod and utilising for 
till' puipose Ihe ( x|)( linn iilal dala o| Liiine and ItavhiLfh. aimed 
at the vahn C as the nmsl piohahle nnan of a mimher of 

values laULriiiir fiom 1 '2 00(1 lo 1*2 007 * ih it In lot’s iinihod. Iiowimt, 
eaiinol he viiv sal isfaeloi ilv' a|)ph(d to if.isimis laihon eom|)Ouuds, 
since their eomjiressihihl n s at 0 C, h.ive nol hieii direct Iv' measured, 
and altiiupls to (-aleulah llnm liom ntlni van ih i Waals' <({ualion 
or one of ds modilie.dioiis an not miv s.di^lailoiv ' 'I he ahov e eil ed 
value foi the deiisdv ol iin thane, toin (le r wit h I.i due's di h i minatioiis 
of till- eoinj^n ssihihl \ .it l(i (’.mvi 

Moll eiilar wi lirht of CII^ 1(i (KI9, win iiei atomic w< j-rld of C - 1‘2()0S5 
while Uavh itch’s value '’lor the densilv of eaihon monoxide a1 N.T.P., 

^ l^piliif, .hi» f'/i/w J'In/'- , l.s‘is^ (vsd. 15 , , I'dn, |\iii|, 19 , HI 

* Ikuii’ic .111(1 )’( rrol. J ( film jiliy^ , I'lO'l, *7, .{ii'l 

■* I) H<’itlic‘(-I f'omjit 126, Hr!il, nr, I'ni ./ r/ris„pi, fin], 

8 , 2().‘J , st’c also Ziif'ifi l^li Urni hfiii , IJKIJ, 10 , (iJl , Comiit n ml l'Hl7. 7(), 191, 
lM,a, 3.72 , 145,317 

* Si'P vol 1 (this s, rif'.), cli.'ip IV' 

® dnvlcKili, /‘lor liny Sm . I s'i7, 62 , 204 , 1904 , 73 , r, i, 7'rnns M)i)4, A, 204 , 

3ol ; ZeU'ith i)lnj<iikal Chnn., lOO.l, 52, TO.! 
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viz. 0*87407 (0 == 1 ), and his value for the comprcssibilitv at about 
13° C., lead lo 

Moleoiilar \S( of CO ‘2S 00.*i, wIk nee aloinit* wciiflil of (I - 12 003. 

Guye’s iiK'lhod ot ciihc.il (*(nisl.inK ^ niav lx* applud lo Ihc diOiciilMy 
liqiiciiablc irasi s cailxiii ninaoMdr and mk Ihaiu*. 'I'lx* d( iisilv (jf carbon 
moiioxidi' a( N 'r I*, is 0 S7 1!)? accoidiiii' lo lia\I(“iuli, aiuK 0 S7 10,5 
accordin'^ h) l.uliic, wlun flial of owj't n is nnilv. 'I'lu mean \aliiL* 
corresponds lo .i ui n^dil of 1*2.50.32 <;rams for a normal lilie of carbon 
monoxide. A similai \oliime of melliaiK*. aeeoiilmtr lo Ilaiime and 
Pcrrol, \\(iLrlis 0 71080 jriains. (inye'.s inelhod of ealciilalion leads 
to the follow iiii( results : 

Molecular w'eiirhl o( CO 28 003, wlx'iiec* llie aioniu* \\( ij^dil of C- ■12-003 

„ (’ll, t0 031‘, „ „ „ C- 12 001. 

O - 10, IF - 1 00702. 

In dr.diiiir willi r(*addy Ixpn liable f^ascs (iny<* adopts e.ubon dioxide 
as the sl.ind.ird from which lo (h iivt* llx* eonslanis in his Ibimiil.e. and 
assimiis an alomie wdi^hl of C -12002 Aeeoidm^lv. Ihe \.ihu*s 
C — 12 001 and C ^2 003, lhal ina\ llx n be del i\ < d fnan the d( nsil n s 
of aeehline- and el ham* ‘ respeelivi h , only .s(*r\i* lo imheale the 
consisleiieN of Ihe itudlxul of ealcnlalion.* 

(2) Chemical Methods. From an an:d\sis of puii!i<d n.iplilhali‘ne, 
Dumas/''' lu 1838. eaim* lo Ihe eonelusion lhal the Nairn* for the atomic 
wei^dil of carbon (C - 12 2 1 M)bl.iim‘d b\ Ih r/, elms and DiiIoui^mu 1810, 
by the d(*nsilv mellxxl pieNiousK nhiu'd lo. was loo lu;,di. (’onse- 
qnenllv IJer/clius^’ anahsid lead eaibonab* and ox.d.de, (*on\(ilmi' 
them lo monoxide, and oblaimd llx* \alue C 12 212. which appeand 
to jusIiIn' his pKNious I'l'siill Dum.is. howiV{*r, was iiik’oiin iiieul, 
and, loi'v'lher with Slas, eaiiitd oul a s(*iies of resiaielx's lo di l-'rmim* 
the ralio (’ . ('()> bv the eombnshon of diamond and naliiial and 
artilieial i,n*aplul(*. 

Tin* eiajiliili* (mplo\(*d wms puiilied b\ fusion wilh alkali, followed 
by trealmeiil wilh h\dioehlorie acid and wilh atpia n i^i.i, and subse- 
quently, after washmij ami diwin^j. by ii^iulion at a nnIiiU' Ix'aL for 
sixteen to eiqhle(*n hoins in a slr(‘am of ehloiim*. I’he ^M’aphili* or 
diamond was eonlamed in a platinum boat pi. iced in a porcelain tube* 
and heali'd m a lurnaee. and was burnt in a euin nl of can fullv jairdied 
Oxy^^‘n, Ihe eaibon duixide beiiii^ idisoibid m ])olash bullis. Jlolh 
grajihile and diamond l« fl a minnle ash, the weij^dil of which Nvas 
sublraet(’d Irom that of the substance lak(*n. 

It has been jioinled oul by Scott ’ lhat in eoiieelmi; Iheir wdLdnn^fs 
for the air displacement of Ihe polash solution, Dumas and Slas. as 
well a.s lal(*r ex])(*rmu*nlers, neglected to take aeeoimi of the expansion 

^ rjuyix (^ontpl tend , HHU. 138, 1213; ./. (^htm. phi/'t , 3, 321. 

“ (JuNC, loc (it 

® n.iump .and I’ciiejl, ./ (’/nin pJn/'i , 1009, 7, ,3(59. I’lic \.duc‘ 12 03(5 ei\cn in the 
ori^jinnl p.ipci is diir Ui an .lutlinK'tiral (iior 

* For fiirlhor woik on the- atoinii' wi'iirlit of (Mihon, by pliysic.al rm-thods, wa* Kautne, 
J. Chun ph}f<t , lOOS, 6, 1 ; J.iqiicTod .and Pritiil, (\nnpl tend , 190.“>, 140, l.‘)42 

® Dum.is, roq(i Annalcn, 1.S3S 44, HO 

• Borzi’lius, hub AnnUli^i, 1811,38, 19.5. 

’ Scott, Tiun.'i. Chem. Soc., 1897, 71, 550. 
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‘’"i".'” “‘‘■'"nation or culx,,, (lioxulr. Consi-qiiciitly 
the \ alius ohtaiiud by llu ohsi^n its an* luo lii«rh. 

Mean valii(‘ obtained l)\ Dumas and Sla^ . . (' 1 1 ‘)!)7.*) 

” " coiieeled b\ Seoll (' I I iMI.’lS 

of •'’"‘''■"‘■''■‘"'I' '■•"""I ""I .\|),imi<nls Hniil.M lo Ihosi' 

(■oinbiisl\n 'r I ' ' *'"■ '■•III'"" <liii\i(|c |ii<iilii('( cl ill Iho 

oinK^ o. .'i • 'I'li. N iii.ulc . hoM, V , II,.. sum,. 

the coiTeeliou ol ScoH. ^^.,s as lollous • 


I neui K fit d. 

C’ l‘J()()!KJ 


(’oinelid by SeoK. 
I-J 00 -i I 


Liilcr ,.\|.<iii,u,iK ,,( s.imlar kind lo «||i,.ii ,.oin.,.i,on 


lU'eded to lie ajinlud wrie llinsc 
PJaals » 

Ibiscoe 

hVhdei . . ; 

Vail d( !• IMaals 


IJoseoe.- * ind \m\ dcr 


I'lM'oi n*( 1< d 
12 0020 
12 0M2 
J00.il 


( 'oik (till liy Scott 
I I 007.0 
I 2 OOad 
12 00 IS 


llic mean oi Mi, U^^> ^alnes oblaimd liv the abo\,‘ ehs. i\ers 1‘rom 
the (•omlmshon ,») earhon, afb r em ri el mn bv Seoll. ir.,\, (’ 12-0008. 

Stas,'» m ISIO, (slimalid (lie alomie wiiirld of eaihon by passimr 

orTr'l I •’ 

idalioii (). (O^ Mms found tlu- Nairn (' 12 0010 (() - 10) may 

be obtaiiKd Seoll » has eulieallv (vmmud (hr ahoNi nullad, and 

eon m , ' l' / 'n ''Ineli haN4- eN ulently 

<oiii|i(iisit<(| cncl, )„ J„„| ||„^ iKriuai,. iioi,,, ^ 

.\nolli. I- iiulliod Im .1. 1,ii,iii„i„, ||„ .iloiiii.. ni7M|i| ,,| ,..iil„,n «Infh 

.sails " ''' ' ''''I "" ’*'■ 'k'"ilii>n ol .>|.,;aiii(. silvir 

fmni t,.. 'Uinlion .,1 (,,) mIx.i a,..lal., ih) s,Imi l.n I l■,,l,.. (,■) silvar 
raeemale, (d) sib, i malal, ’ 


100 <»I OOO.l.wheneealonne w, iLfhl ol (’ 


100 .*,0 2800, 
100 ."JO 27t,0, 
100 02 0010. 


i 2 -o;«) 
(' 12 on, 

(’ 12 040 

C’ 12 0a0 


12 0.'15,and 
1 1 080 ; 


(rt) i'M.OM V.r 

2\ir 

W V,II/),A.j: 2\k 

Manirnae,'’ in IS Hi round 

I'dOO.wheneealoimcNvei^rlil ol'C 

C-sjDjD^Xir \>r 100 OtOlO, . (' 

the- liitUT usiill IcIlmMiio s|).c-ial |)rcc.nilioiis aifainsL loss of siKir by 
^ Ki<linnnn ciTul M.in h tiiii, / jmilt ( hi >n , IsJI, 2-1 15D 

JiKSCfM', ^ ffflit, I.S.SJ, llsn ' 

“ ]'ru‘(l( 1, liuU Sm rhini , l.s.si [nj, 41^ Inn 
* \.in (i, r l*l,i.i(si, f'omjit n n>l ISCj, 100, .’»J 
Sin's, Hull Arml lirittflhs, IS4'l. 16, I 

'■ S<Ktl, 'Irani ('hfni ,SW , |s‘»7 71 ."llT 

® Mangn.ip, (Kiuivs ( awjddlrs, IS ID, i |s{ 
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spurling. Some resolts obtaiiicil by .Miiiiincne • were too low and will 
* '•’I''' lendoney is for all i slmiatioris 

inyohing igaihon ol s, her sails to !.<• a bill,. l„o |,igh. ,mni,r to sladii, 

voiarilisilho't ol sj 1\(; 

Iljiidin,- III J.SiX), sily r a(‘( laic and Ix-n/oalc l)\ dissoK mir 

nein m wain addiiiLr t s-. of jM.lassiiini (*\aii!d»‘ and c'li cIjoIv sinrr 

^ the solidam. J^iorn Ins k Mills IIk- loHowjuir x.dias in;i\ he ca/ul.ilcih 

'■ whence aloniiewi inlil n! l-jooo 

<^7ll3<),Ae:A.r 100. 17125, „ „ „ ('.-12 001 

In loot PaisoMs ’i .MMl\s(d j,rl„c„„„n ae(‘l> Jaci lonali- and ^diieininn 
basic acel.de, willi (la lollowniir resiills - 

: (do 100:12-1121. 

((',1 f j()^^,^()(d , : l(d() 100-2I()1)S 

These cfiuahons «ri\t‘ I la \ alias (d 0 112 and (' I ‘>007 

Nyy, I, ss. N.OII.' Iil,al,,l ,.. 0 ..lalK |a.,il,ul I'c Iram.lln 1 

and teha-i lli\l-.minainnnn hioinales uilh a solnlion ol oiik- sil\ei 
and ob(. lined (la- ieinaikahl\ hiirh values of (' 12 017 and TMllO 
rc.sjK'ctiv i-Iv . 

Lal('r, hovvevd, la* ohlanad Ihe v.dias C . ll ooo and (' l‘>002 

by cxpciinanls on lhe coinhiisl ion ol n.iphllial, la and cinnannc'acid 
us])ccli\el\. lla- (hsciiplioii of Uksc expeiinanls is l.a-kmo • 

Jtichaids and IIoovei“ have d( lennined lhe value of lla- sodniin 
carbonale-silvei* ratio to be 

2 \e : 20 1.2501 : .'iO-OKod 

from winch il follows ll.al il \ir 107 .ss. lla- inokcnlai Wf-iirlil o| 
bodnim c.nbonale (Na^t O.) is 105 00,7. whence lla- sum of lla* alonne 
wci^rhls 2Na i (' 57 005(0 10) 

Iroin Ihis llie .donne wt’ulil ol c.iibon inav' la dtbinniad jf Hail 
ot sealinni is known. \ssinninLt lhe lalbr lo la- 22 00(),' lla* idfiinie 
^^e■l^hl ol c.iibon is 12 00.2 

Summary. The mean v .due for lhe alonne wuirlil of e.nbon anive-d 
alliyScoll m 1,S<)7, b\ simniMi isniLj .iial coned 111^ I la* lesnlls oblaine-d 
by the combnslion ol c.iibon. was 12 000.S. Woilbv lo la placed al.nar- 
side tins liiriiie aie Il.iidin's naan vaha, 12 0005, r.irsons’ value 
12 007 and Ibchards .md Hoover’s value, 12 00.2. Takiim irdo acconnl 
Che V alias olilanad bv lla- phvsical method, il would appeal Ih.d the 
atomic weiijlil ol c.irbon las lalwcen 12 000 and 12 005, lla- value 
12’0();) lniiig |Kili.i|is Ibc b(st COIIIIHOIMISC. (Jm.c in (j. and 

Jiriinncr in l!((),S, ail.iicalcd llu- miIiic 12 0(»2* 

The (iiriin’ wlncli aj.|H.ii-s in llin Inl<ina(i,.ii!d Tal.lr of Atomic 
Weights lor 1!)I7 IS C 12-005 

* M.uini(-nc, .!;//( ('hnn pln/s , IS-K), [111), 18, M 

* llfinlin, ./ \im) ( htm Sot , |.S{)(5, 18, OIH) 

" I’nrsoTis ./ Amn ('hnn Sot , I ‘Mil, 26, 721 lOO'i 27 |•>|)-^ 

25, m 

® iScotl. yw ('hni, Ner . HMM), 25, .‘110 
® Kicliiiids aial Jloovci, ./ Amrr (J/iein Snr , 11)1.7, 37, 95 
’ See (liijcussioMs in v'ol 11 of this s( nes ’ 

l.,7 *«■''■/ r',"" • 'T’-’ 3-,-'*-' - 4 . Braiinrr, so- Abogg and Auor- 

bach, Ilandburh det anorganmlnn Chenue, 1909, veil. 111. pt 11, p 2.S 
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COMPOUNDS OF CARBON 

(’oMi'iM M)s (n ('viMU)\ wii’ii Ihnuoiirv 

, rilK lIVDliOC’MJHONS 

loims \\i{|i li\ duurcn a r :m<I v.ifkIv oI coju- 

])omi(ls kiiiiwii .IS liN tlnnMilM>iis. 'i'lii' 4 \ish net* <)l Hk si iiianv coiii- 
()4)iiii(ls (1( (K nils oil (lie Miiiiin ol (Mil)4)ii aloMis with i.ich olli. r, A\lH(*h 
iMa\ n siill in llii* (' 01111 . 1(1011 ot opi ii-(.‘liani or cncIk* )i\ dioc.iilxuis. 
(‘Nampli s ol 111 l.dtei .lu : 



Most ol (In ll\ dloc.ll llol|■^ (mil .1 pl.ico ()Ii1n Ml (In sllld\ o( ' OM;aMl(* 
(liiinisliN . and il will Im siiIIumi id Inn (o iml ici (iii mmiii I \ pi s of 
opi ii-('li.)in liN dioiMi l)oiis .Hill d> s4‘i il)4 nidi lad (in |ii opt 1 1 ii s ol a i'i‘\\ 

I \ |)IC.'I I x.uiipli s 

'I’In siinplisl h\ di Ol , 11 1)01) is im I li.nn 01 maisli-oas. ('II,. d is llui 
liisl 1 1 pi I SI id.il iM ol .1 s( I K s ol saiiiralid. o()< n-idiaiii l)\ di oimi hons, 
uliifli 111, IV l)(‘ npiisiiilid Hills 

Mi'l II ini' I tli.iiii' I'loji iiM 

11 11 II II II 11 

I II III 

II (’ -11 11 (' C-lf II (■ (’ (' II, itf, 

I II III 

II 11 II 11 11 11 

or (11,11 (’11,-UII, (’11,(11,(11, 

haw Mil' i^'incial (oniiula Uall,,i ,, and aiv known as (lie |)aia(Iin 
iudrocailxjMs. 

Wlicn lour or niou caihon atoms an* picscnL in ilic molecule, 
bianclicd chains ma\ occni. uilh (In jilic noim non ol' isonii risiii. For 
example, Hu re an Iwo hviliocai hons of the (oinmla UiII,„ : 

Niiini.d liulaiK' Ivilnif.iin' 

ciig Cii., cii, (. 11 , cii., ai cii, 

h 

Cll. 
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and tlircc of llic formula Cjllu : 

Noliil.il Jiciil III • I 

(‘II, ( II. CH. CII. C’IT, (‘II, ('II ('II, ( II, 

I ■ ' 

ClI, 

T( I MIDI I ll\ lllll■(ll.lll<‘ 

CII, 

I 

(’II. (' (IFa 

I 

(‘ll, 


The nniinal |>!UjiI 1 iiis cniisliliiU* :iti lioinoloirous series in wlnoh 


sliovMi a ip'.idation 

III |lll\SI(',ll 

pie)|)e ilics ii'oni 

me inbe r lei me mlier, 

tliiis • 

M 1‘ 

( \hll jio ssuic) 

i )i ii-.li \ 


Xeirniat |)e ntaiie 

C-, 11,2 


C. 

0 0*27 al 1 r C. 

„ hexane 

‘..'I,. 


C. 

0 (mS ., *20 (’. 

„ lie pl.ine 

‘'7 III., 


‘).s C. 

OOSO ‘20 C. 

„ eK'I.Mii* 

(•. II„ 


l‘J,) (’. 

0 70‘2 .. ‘20 (’. 

„ non. me' 

e ., II 20 


1.50 C. 

0 71S .. ‘20 C. 

,, deeaiie* 

‘',,,1121 


IT.T' C. 

0 700 .. ‘JO C. 

'I’lie beiilini'-peants of (lie* neinnal 

p.irallms are 

hiirhe r ( liaii theisc of 


the 11 iseilMi Is, (' 1' 


Nennial butane H P 

!- 1 ' (’ 

Isobnlaiie 

17 C 

Xoim.il p< nl.me ,, 

:17 C 

Isope nlane* „ 

Te irame tin line thane* 

01 C 

10 ’ (’ 


The se* (liricre iK'e s niav he- al ( i ihiile <I to Ihc yit.ilci coiiii) le-lncss 
of the' lir.inche el as coinpaieel wiMi (he' iinln.inohe ei (',)il)e)ii cli.iiris 

Since' ine'tiiN le nc. CM „ is unknown, llif h\ clioc.ii bon e lii\ It lie, C^II ,, 
is the' lirsl of the* eilchne' senes, uhose* ^((neial reeininl.i is ('„II_,„. 'I'he se 
eoniponnels eonl.nn Iwo aleansof luelroiren I'e'we i (h.in the* eenre sjieijKlnii; 
])aralhn h\ eheK'ailienis. The (\\o a(l|.ieent eaiboii atenns iioiii each 
of which a liNelreiiTen aloni is laekinir, an* rorninI.ile*(l as joine-d leiircther 
hv a eleaible bonel. In the' ease* of oleline* hvehoe.ii hoiis eontannn;' 
fonr oi nieiie' eaibem atoms isoiue'i'ism oe'cnrs ownuf le) llie deinble bond 
oeeiipMMir dilfereni positions. The* Ibllowiny are the* eoiistilulional 
Ibnnula: lor the* oh liiaes (’.^Ilt^ 

IK^'CIl CII, (’ll CII., -CII, (’ll -CIL, 

Klfivli'iic rii»[>\li'ne </-Hiilyl<*iie* 

CII3CII--CIICII3 (’II,C CII.^ 

I 

I’ll, 

/i-liutvle'Tio y-Bii1\li*no 

The ol(*niie hydrocarbons arc unsatnrated, /.e. thev form additive 



CARnON AND ITS COMPOUNDS 67 

rom|>(iuii(ls wliicli arc liv<lri)Cnrli<iiis or tluir (lcri\ olives. In 

tins jiroeess the ilonhie boinl is iii|iliire<I, thus : 

II.C CIl. ■ Cl, ( IIIA' Cll.l I 

I I !l\ Ii III I I ll\ 1|‘M( (111 lllnl lili 

01 s\ iiiiiii till il (111 liloii tti nil 

Af’rl \ I* in . (' II IS t li<‘ III st ol ;i 111 ml s( i ii's of li\ dnu .11 lions, iiiinn'd 
all I V I 111- III s^ nil 111 Ik I , and h.i\ imf llir m luial loinuil.i - ;»• 'I'lusc' 

ronlam a Iriplt* Lond and unite amIIi 1‘our IimIiomui alonis 01 llieir 
('(|in\ alt nt. roiniini^ p.uanin ]i\ (InxMilions or tin 11* dt ii\ati\(s : 

AetlvUnt' . . . JI(’ (II 

AIK li IK , M( I li\ l-.'et I \ It 111' (II.C CII 

CioltMiN It ne, Dinit tli\ l-eift 1 \ |i ne ( II, C (’CII,. tie. 

I St mil ne with I he aet In It nes an I lit tli-t>lt lint s, <’ }•. 

All* nt‘ or sN nmit 1 1 leal alK It lit CIL C ( II.^ 

Oil lint -aet I \ It lit s an known, c ff. (IK- (II ( - ( II, and di- 
act In It nt s, t ;[/ JIC ( - ( ( ||. 


MKTIIWK 
Fill nuila, (*II I 

Occurrence. - There an apiiannlK Ihnrnatiiial somees of nn-thane 
(i) inaisiits, (it) coal, (iii! |>i I rolt uni spiinirs 

(1) 'rile if,is-hiihl)|es whieh aie set n lo use ihioiiyh I In water of 
-ilairiianl ptiols eoiisists ot iinlhani ant] nilrontn loiji‘liui wilh a hllle 
t)\\ Ljt 11 ainl eaihon tlit»\itlt . 'rin nit lhant* is pitithieed l)\ Ihi haett'rial 
remit III. d loll ol Die ei Ihilost til that) plants, and Die eht niieal itaelion 
has lietn npitsinlttl as loIkiW'. 

pi) Co.il eontaiiis ,itist)ihid nnlhant ; ami Da* |)t(sints ol this ^as 
III etial lepustiils .1 lalt 1 slaL(t ol (hi saint kind ol di eoiiiposilion, 
which aeeonuls ioi its hninahon in iiiaislns (sk unth r Co.il, p, aO). 

(ill) Iiiilanuiial)i(‘ eonsisluii; elm ll\ ol nit thane, ese.ipes Iroiii 
holts ui the laiDi in (he m iirlihoiii Imod of suhteirarn an ptlioleiiiu. 
TJiiis, at Ikikii, on Die Caspian St a, a “ hol\ lire ” has Keen hummer lor 
many cenliiins. (his eolltelid al Pillsbur^, in Du* tal dislrict of 
America, is eoiiNtNttl hrinn milts m jiijms and used as luel ; that at 
Ileal hlieltl, Sussex, eonlams lU [m r eeiil. of melhaiie and iier oeiit. 
of ethane.^ 

Methane occnriini; near lo |)etroIeiim must be eonsidintl the most 
volatile part of the petroleum so that the cjuestion of its tiii^jm there 
is the same as that of tin pt lioleum list If. 

History. — 'I’lie cseajie of eonibiistible ^as from the eaith is mt'iilioncd 
by Pliny, and the outbursts of (lame in mines receivul the atlenlion of 
Basil Valentine. Volta, in 177(i, slioNVcd that a volume of mt thane 
required for its eombustion four times the volumt* of oxj^^en that 
was required by an equal volume of liydroKcn, aiul tliat it produced 
' Divon and Bone, Proc. Chem Sue., 1903, 19 , 153 
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carbon dioxide when burnt. In 1785 Berthollet proved that the gas 
contained carbon nnd hydrogen ; and in 1805 William Henry dis- 
tinguished it from the denser ethylene. 

Methane was thenc(‘forth called light enrhuretted hydrogen^ ethylene 
being heavj' carbiirettid hydrogen. On aecoiint of its formation by 
the decay of vegc'tablc matter in swamps, methane is likewise known 
as marsh-gas ; and because it is the cause of explosions in roal-mines 
it is also called fire-damp (Oer. Dampj = vapour). ■ t 

Origin of Petroleum.— Two theories have been ])ro])osed to account 
for the origin of petroleum : (i) that it owes its formation to the action 
of water on carbides ; (ii) that it is formed by the decomposition 
of plant and animal remains. 

(i) Bcrthelot ^ supposed tliat acetylides are ibrme d liy the action 
of carbon dioxide on the alkali metals at high temperature, from which 
acetylene is generated by the action of water ; and Mendelec'ff ^ assumed 
that subterranean iron carbides have similarly given rise to petroleum. 
Moissaii ® adopted Mendeleeff s view, which .ippcars to be supported 
by the presence of methane in voleanie gases and liipiid and solid hydro- 
carbons in la\a,^ and also by the discovery of occluded hydrocarbons 
in meteorites.® 

It must be pointed out, however, that the theory of the production 
of hydrocarbons from inorganic materials postulates the high ternpiTa- 
ture necessary for the formation of metallic carbides, and that many 
geologists now discard the idea that the earth was once molten. 

(ii) The formation of methane by the decomposition of vegetable 
matter and of various hydrocarbons in the destructive distillation 
of coal are facts that suggi'st that petroleum generally owes its origin 
to an organic source. 

Engler distilled fish oil under pressure, and from the crude product 
obtained an illuminating oil, consisting of hydrocarbons and rescmibling 
kerosene.® Sadtler similarly obtained a mixture of hydrocarbons by 
distilling linseed oil.’ Phillips proved the formation of methane in 
the slow decay of sl‘a^\eed®; and Engler estimated from the annual 
catch of herring on the north coast of Germany that the total petroleum- 
supply of Galicia would be produced from fish m about 2500 years,® 
Other po«.sible sourc(‘s of petroleum are molluscs, radiates, and diatoms. 
The presence of optically active hydrocarbons m pelrolcum makes the 
organic source of this product practically certain, and tlic occurrence 
of the oil in sedimentary rather than igneous rocks lends further support 
to the same view. There is little doubt, th(‘refore, that petroleum owes 
its origin to an animal or vegetable rather than a mineral source. 

Synthesis of Methane. — ^The .synthesis of methane from its elements 
at high temperature was first announced by Bone and .Jerdan in 1897, 
but was questioned by Bcrthelot,^- Pring and Hutton,^® and Mayer and 

^ Berthelot, Ann. Chim. Phys , 1866, [iv], 9, 481. 

■ Mendcldeif, i?er., 1877, lo, 229. * Moissan, Compt. rend,, 1896, Z22, 1462. 

* 0. Silvestn, Oazzetta, 1877, 7, 1 ; 1882, 12, 9. 

> Wohler, Annalen, 1859, 109, 349. • Engler, Ber,, 1888, 21, 1816. 

» Sadtler, Proc. Amer. Phil. Soc., 1876, 36, 93. 

■ Phillips, Amer. Chem. J., 1894, 16, 427. • Engler, Ber., 1900, 33, 16. 

« P. Walden, Chem, Zeit., 1906, 30, 391, 1166, 1168. 

u Bono and Jerdar., Trans, Chem. Soc,, 1897, 71, 41. 

■i* Berthelot, Compt. rend., 1906, 40, 906 ; Ann. Chim. Phys., 1906, [viii], 6, 183. 

^ Pring and Hutton, Trans, Chem, Soc., 1906, 89, 1691. 
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Altmayer.^ Bone and Coward,* however, reaffirmed the synthesis 
in 1908, and obtained 73 per cent, of tlic theoretical yield of methane 
by heating less than O-l gramme of highly j)uri(ie(l sugar-charcoal to 
1 150° C. in a current of pure dry hydrogen. These conelusioiis were subse- 
quently upheld by Pring^; and in 1010 Bone and Coward * obtained 
over 95' per cent, of the tlieoretieal yield of methane by heating the 
sugar-chdreoal in S|)ccially prepared porcelain tuliis through which 
hydrogen wys passed. 

In the paper above referred to Mayer and Altmaver studied the 
equilibrium in tlie presence of a catalyst between carbon, hydrogen, 
and methane represented by the ecpiation : 

C +2ll2^CIl4 
and expressed it as follows : 

KT = - 1S,.W7 + 5 »93t T 1()!J T + 0'0((2!):t(i T* + KT lo-; p," - 

where T =- {d)s. temp., 7^ii4 and are the p/iriial pn ssuri's of methane 
and hydrogen respectively, and K The ir eonelusion that 

methane cannot be formed fiom ils(‘lenienls at 1200' C. is not, howev'cr, 
in aceordaiiec with the facts established by Bom, Jenl.m, and Coward, 

Tlie synthesis of hydrocarbons at high tiauperalures and the 
“ methane ((juilibrium ” have been investigated by Piing and Pairlic,® 
who lind that under special conditions at 1200° and uiidtT 10 to 
CO c.ni. pressure of hvdiogeii the ratio met ham* to ethylene produced is as 
100 ; 1, but that at 1 100° C. it is as 10:1. When hydrogen is heat(*d with 
carbon under a pressure of 30 to 50 atmospheres, equilibrium is reached 
in twoliouis at 1200°-1300' C., and in fifteen iniiiutes above 1400° C. 
No saturated hydrocarbon but methane is formed bctwe(‘ri 1100° C. and 
2100° C., and with a range of pressure up to 200 atmosjilieres ; and the 
relative amount of methane produced increases with pressure according 
to the law of mass action as applied to the equation C -I* 2II2 = 
CH4. In accordance willi these facts methane might be eoiiveiiiently 
prepared by synthesis on a large scale by arranging suitable conditions. 

Preparation. — (1) Methane is generally nrepan'd for laboratory 
use by heating an acetate with caustic alkali, when the following reaction 
takes place ; 

CIJa COOM I MOII ClI, + 

It is usual to enqiloy a mixture of aiihvdrous sodium acetate and 
soda-lime ; to heat the mixture m a tube of hard glass or iron, or in 
a copper flask, and to collect the gas over water, (alciiim acetate, 
also, may be heated with lime or barv’ta. The gas thus prepared may 
contain as much as 8 per cent, of hydrogen,^ as well as ethylene. 

(ii) Methane also results from the putrefactive hydrolysis of calcium 
acetate,’ thus : 

(C,Il302)2Ca"-f 211*0 = (C03H)*Ca -f 2CII4, 

* Mayer and Altmayer, Brr., 1907, 40 , 21.'14 

* Bone and Coward, Trarm Chem. fioc., 1908, 93 , 1075 

* Pnng, Trans Chem Soc , 1910, 97 , 498. 

* Bono and Coward, Trans. Chem. Soc , 1910, 97 , 1J19. 

' Prmg and Faiilie, Trans Chem. Hoc, 1011, 99 , 1796; 1912, zox, 01 

Ipatieff, J. prakt. Chem., 1913, [li], 87 , 479. a 

'<- , • Kolbo, Ausfukrl. Lehrb. Org. Chem., 1854, i, 275 

* Uoppe-Seyler, Zettsch pkgsid Chem., 1887, zz, 661. 
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and (ni) (Vom IIk, decomposition hy siiiili<,dit of acetone. m acetic acid 
solution : 

(’ll, (’ocii, h 11,0 - ciij C’ooii I nil. 

(i\) Mctlwine may he piepnnd by the u'diietion of chloroform 
(ClK’l,) and eaihon k traelilornh* (CC’i,). This mav lie ellyled by 
passm^r lh(ir vapours toujihei willi ( \eess of h\droLjcn t^iroii<rli a 
red-hot hilx*, b\ Jicatini; Ihe ehloiine eompoimd with copper, potassium 
iodide, and water in a tube*,* or by redneini,^ it with polassnim ainali^am 
in alcoholic solution 

(\) M(lhan(' is obtainni by passin*' the \aj)onr of carbon disnl- 
])hide nu\ed with walei-\ apriur or hvilioi^a n sulphide ove r nd-hol iron 
or copiKT • 

(’S, |- ‘Jlk.O -| OC’ii - (‘III “1" |- -I'liD 

C.sj 1 ‘Jlljs -I- S(‘n (’III -I 

and by ndneinu caibon disulphnh' a1 120” to 1 I0 '(’ with phosphoniiiin 
iodide 

(m) (aibon nionostde and hvdroiriii \ k Id nuth.ine.ind waiii when 
Mibnnllid to lh< sih nt eh ctin* disehan^i' : 

('()-l-:}Il, C’ll, 1 II, o. 

A similar .iclion lakes place al 2.>0'(\ under lh(' e,dal\lic inllnenee of 
reduced nickel, and at .‘laO’C carbon dio\id<‘ is ndneid in 1 Ik* s.iim' wa\ : 

(’().. 1- III^ -(‘II, t 211,0. *2 

(\ii) Pure inelhane results from llu* aclion of waler on zinc uk lh\l, 
ihiis 

Zn(( n,)2 1 2lIo() Zn(OIl)., j 2(11,, 
as well as upon mai,m(sinm niclhxl iodide piepand b\ (b Hillard ** * 

(’ll., .M«r l I 11,0 (’II, I M-IOII. 

(mu) Methane is also obi. mud b\ the action of a metallic couple 
on niellu I iodide in alcoholic solution, (il ulslonc and 'Fi ibe ^ i mplo\ cd 
a /me-cop])( r coii[)h‘, but Pom* and heeler^ lonnd that an almmninin- 
merciiry couple i*' moie cllicicnl. 'Fhe le.iction is cssinlially 

(’II.J I 211 -(’II, ! Ill; 

till’ methane, howcvei, abva\s contains a hllli* h\droiren, which can 
b(’ yol rid ol b\ |)assmi( the ir.is thioiiirh a l.iyir of oxidised palladium 
black at 100 (’., or 1)\ coolniLC to the temperature ofliijiiid air, when 
iiicthaiK eoiidenses, but nol liydioireii. 

(i\) Still another method of obtainim' methane is by the action of 
ivater on metallic carbides Aluminium carbide, for exanijile, reacts 
as follow s : 

A1,(’3 -1 1211,0 - I.A1(0II), 1 ;}(’H,. 

^ OiTtliclul . Ann C/nin I'Juf't , 1S"»7, (mi|, 51 , 18; lsr) 8 , 53 , (JJ) 

- (J.iuiuM, 7i‘inl , tain, 1150, 

’’ (liiL'iiarU Ann ('him /’Ays , I'MIl , j/f, -t.'lS 

* (.Miidstom* .’11(1 'I iiIk*. ('hnn Sm , 1884,45, l.')4 

Hone and \V'ht’*-Ici. /Aid, 8l, (">41 

• Muisisan, Comid. und., 1894, 116, 10 
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Campbell and Park<'r^ ha\t‘ shown that nutlj.uic pivparc'd by this 
reaction contains a little hulroijtn. which (,ni l){‘ ninoxid l)V niixiiijr 
the ^Ms with a sliulil ( \c« ss ol »»\\!^(‘n and jiassiiiL: tin- mixtiiic o\ er 
})alladiinn-))l.iek. Vlhi i(iiio\.d ol IIk* iMnainini; nwiX'ii i)\ alkahiu* 
pyro^MlIol sohilioM, no iinpiinlN (oiiid lx ditictid in tin imlh.inc. 

Other (Mii)id<s, sn(‘h as thos* of i^hieinnni, Ihoiiiiin, and iiiaiinini, 
yield iikIIMik idixmI wilhoth(t In droeai bons. 

Physical Properties. Mtlhaix* is a eoioiirh ss jras williont taste or 
bini il. and is nol j»oison<nis. Its di nsit\ a! 0 (' is 0 .“».“)?(» (an 1), 

whilst th.it eoriespondiiiir to the inolicnlni w i'dil (KJO.’t) would lu* 

0 .j.xj!) “ Const (|iienll\ nnlli.iiK is sh'^hlK niou eoinpi i ssilih* Ih.in 

an idi al L^‘ls, and its (‘onsl.ints lor \.in dt r W.i.iK’ (<]ii;ilion are: 

a ()()0;J7(i, h -0()01.V)7 (Ols/ewskn. ora 0 OO.W, h 0 1)01 
(Dew.ii). 'riienK.ni spt t die lu .it Ixlwnn l.s° and ‘iO.S (’ is 0 "lO.'JO,*’ 
and the r.ilio th' two sjx t die luals is I ‘ Its hi .il ol i onihnslion 
is, aeeoidni',^ to 'riionist n. * 1.M 1 000 e.iloi k s, and .leeoidinn to lleilhelot 
.ind M.d JLOioii," lil.'h'iOO e.doMi s 

-Ml III. me Is sht(hll\ sohibli III walii. bid niiieh inoie soliibli' in 
ah'oliol Ml .isiin nx Ills of soliibild\ li.i\i lx en ni.'di b\ l*iins(n,'' 
III 111 leh \\ iiiklt I .mil I liiisloll 'I’hi lollow 1111 ^ 1 1 jii.d loiis .iie ifi\ en 
In IIiiiikIi 

Foiw.iiii . c oo.“)i 7 ;’> oooi‘2L>d.>/ i 0 0000 1 1 o:»o/- 

Cor.dinliot. (' 0 .VJ‘J 7 Tj 0 OOJO-A.SiV 0 0000177 '- 

Milli.mi w.is (list hi|niliid In C.nl'i li I m IS77,'’ and ds boilmir- 
poinls <mI dill' I'iil |tii 'Siin s li.iM lx • n < s| mi.ili d In Wmbliw-.k '‘and 

Ols/i w ski 'Dm lollnwiiiLi (i^iiiis .III s(|(cl(d lioni those ifneii by 

Ols/ew .ki : 


J’ll III) 

I5.I’ (’ 

to .dm 

- 0.0 .-5 

1 1 

1 -io .S 

J ‘_M , 

' 1 .7;’, S 

1 00 

101 0 

.so nmi II 14 

1 I .s 7 .S 

,7 

IMll 7 


Aeeordini;. liowiMi, to badiiibiii'j .*1111! I\ 1 nu* 1 " nn 1 li.iiie bods at 
-- l.'i'J .) ’ iindei 7 10 iiiiii 

^ C.inijiln II .mil P.iitii, 'Inin ( In m S<n l'l|.{. 103, IJ'IJ Sf-c .dsn Hiiiisfr, An>il 
Fo Qunti l‘l|.{, II, 07 

' Si‘( illso n.iiitili .111)1 I’lllnl.^ »!//./■.' nmi MHI‘), I'l 

•* i’lL'Il.mll Mtw '/ /’ liii'f |s<,J 26, 1 ‘ ('.iji'-l'il 1 ‘iin /tnif .s,i. |si){ lot 

^ 'rilolilsi'M, Ii'n IS'i; 11; .IlMMI •• \l.» 1 i null, l/</i <'/-/«/ /'/n/s l^'I'J, |vi| 30, .'i,").') 

’ Uun'^i'W, <i'n'tiiin li ,1 l//'//)//)#, |s 7 ', 'JJ 4 
“ WiUinh, z.il >h f.hii^dnl I.VIJ, 9, |{-, 

“ Wiiikli'i, lin . l‘iiU 3^, I M 7 
(’IlMstofl. Zilfsth ('III III , MMlh, S*'. 

'M'dilli'li t, ./x/irrs/;./ . I.S 77 ’ 22 \ '- \\ miIiIi h^ki, ^ /)/i^/,|SS| 99 I.IO 

01 s/.i‘\vski, Cnwfit khA Is.s.l. 100, 010 
Ladfiilmif' anil Kiii«2i‘l, Itn , l'<t)l), 32, IbJe 
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Tlic' crilicsil t(inpi‘rjitiir(“ iiiul prc'ssiin* ^ iirc — SI S'’ C. Jiiul 51- 0 :ilin. 
(Olszt'Wski). or — 5)5 5^ C. Jiiul 50 0 aim. (IK war). Acronliiii; lo 
Cardoso,- iiowcvt r, llu‘ ciilir.d coiisLuils aic : crilical Icmpfiiil lire, 
82-S5'’'('. ; (TilK'al picssiirc, 1*5 (JO .dm. : cnlic.d dcii'-dy, 0 lO'JO 

The dcnsil V of liquid iiK IliJiric .‘d - 1(JI<'(' isO ll.V*. solid mi I li.iiu* is 

snow-like .Mini mells.d -- ISt'C. Tli(‘ l( mp< i.diin’ and pn ssuiy .d wliicli 
solid, liipiid, and <4,iseoiis im UiaiK- (*o-(‘\isl (t e. the triple j^ftiid) Iiiinc* 
bcMMi Ibiind !)\ CiDiiimilm ‘ lo he - 1S;> 15 ('.anil 70 iiinqor miiiMiry. 
A jiri'Moiis determinal ion by Ols/euski ira\i‘ — 1S5-.S" (' and SO mm. 

On aeeoiml of llie larire pr()|)orl]()n ol* huhoirtn m mi lliane tin* 
flame ol lliis li\ dioiMi bon is but slii(ldl\' Imnmoiis. Wii^lil** loiind 
that lli(‘ fjas, whi n bnrid in an Arif.and burner al tb(‘ i.d(‘ ot‘ 1 eubie loot: 
j)er bom, i^.ue .i il.mie of 5 2 eandli -powi r, wbilsl (li.d ol' eo.d-eas 
examined al lh<‘ same* lmu‘ uas eipi.d to I I -20 eandlt -powu*. 

Chemical Properties. 'Milbam^ is a sahiraled li\ diiXMi bon, inca- 
pable of addiliM' ii'aelions ll nndi rijoi's mi tal hi'sis, bowi'ver. wdb 
chlorm.-, e\ee|)l when [iiM-reelly dry. Meldmi* siieeissivilv mellul 
chloiide ((’II ^Cl), melh\lene elilondi^ ((‘IIA'Ig), ebloiolonn (('IK'!,), 
and carbon b Ir.iebloride (CCl,) riiioimi* .lels n|)on milb.ine moie, 
and biomme less Miforonsly, (b.m eblornu^, bid lodini' b.is no aelion 
ii])on Ibis b\dioe.iil)on 

Melb.ine Is MM\ sl.dile lowaids be.d. bid \aiioiis and eonl]i(*lmLj 
views lia\e Iieeii lull! .is lo Ibe mannei of ih eomposil ion ol’ tins .md 
otber simjile b\ dioe.irboiis It lias been shown, liowiMi, b\ Bom 
and Cow. lid " Ib d nnlbane is dieomjiosid bs beal mio ils (Itimids 
wdhoiil lb< piodiK lion ofi !b\l( ne, .ie( |\|« lie, ( le ; Ibal di eomposilion 
IS ina|)pri'eial)li al 700 (’., and Ib.d Ibi i.di* of deeomposil ion is about 
sixty limes i:rea I er at 0S5 (' tban .d 7S5 C MonoMrlbi dieomposi- 
tion took plaei‘ at Ibe siirlace of lb<‘ bol lube IbioiiLfb wbieli Hit e.is 
W'as passed, .md Ibe eaibon di posited w.is peenliarlv baid .md liislioiis. 

Melb.me is deeomposid into its < lemeids bv (leelue spaiks or bv 
the eleelne .ne. Aeeordmtj lo BiTtbelol,” bowevei, acehleiie .md oilier 
bydroe.irbons of bieli molKMilar w'eiLfbt an* lornud. 

jMelbane bums in an or oxyt'en, roimmi( walir and carbon dioxide. 
Accordmj^ lo IMiilbps ® Ibe lowest liMiipeialme at wbieb Ibe eombiislioii 
of Tiielliane and oxx i^en e.m Like pl.iee. (bat is wben Ibe niix-d i^.ist s 
are passed o\ er ]»all.idis( d asbestos, IS tOl UCC. : bid l)i iibam buds 
tins temperature lo be bi tween 511-'’ ('. .md 510' C. Tbe meebamsm 
oftbe eoniliiishoM of melbaneand other b\ dioearbons has bieii sludnd 
by Bone .md Wb('( lei.” These olisiTVi rs fomnl Ib.d Mu' slow naelion 
of nielbane wdbowiren at lunperalnres betweiMi JJOO (' and lOO'C. 
resulted m the simiilt.Miieons oxidation of carbon and liMlioetn, thus: 
2Cir., }- :{()j, - 2(’() III./) , bill that formaldebvde appe.Mred as 

‘ I’liil Vaif, IS.S.*), j\|, i8, L’Ki 

* ('.udosn, lnfi S(t jihii'^ tmf I'M'J, |u ], 36 , 07 

* OU/cun’.i, )i }(<J 1SS7, 31, .'iS 

• (Jinriirni Iiii, A' Atii'^tfrdaw, IMU OlKi 

® Wii^rlit, 'I'mii't ('III HI SiK , ISS7, 47, JUO 

‘ IteiK .nut ( 'itw.lfri. tbiil . I OHS, 03, 1|M7 
^ M"jic mil (’(iw.ntl. /f>r 1 >1 
® lit I dlflol, li'ftil , IS‘I.S, i?6, .")(i7 

• Phillips, Anut Chou •/ , iSOt. 16, KJO. mm* .ilso /oLr/i niinhi . IS') 6, ‘JIO. 
iVnli.im, ./ Sin Chon /«#/ . IOHn 24, 1202 

“ Bom* anil \Mircl«M. 77(/ws Chon Sue. IJMi2 81. •'ill, nml I'M)'}. 83, 1074 
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an inttTni('(Ji.iL(‘ and earhon dioxidi* as a linal prudiicl. TIu' Idllowin*; 
stajTcs of oxidalio!! .11 (‘ consi'cjia nll\ n fOi,fnis( 

( I ) (’II, I (), OCII, i II,(). 

(II) {(I) (OC’IId ! (). (’(). ! II .0, 

(/d ‘Jidcii]) . ()] -jcn : liiLo 

ion Vn h) ni.i\ nuohc lla inh inn di.ilr pindin'l um o< (oinnc 
acid, llins • 

on 

•iO(’ii. ; o. Ldx ‘jco I i>ii.o. 

'II - 

Arnishonif' has |)nl huwaid Ihc \ k w lhal Ilh slow oxidalion of :i 
liydroc.ii l)(ni such .is iiKiham js a sum s of li\dio\\ lal nais in A\hi(*Ii 
s a pal ( .ind Iin dinj< n pi loxnlt* is piodnct <1 llnis 

('II, , o. , ii.o ( II on . n o. 

(11,011 o^ i iTo (11,(011). ir.o“.(n .(oii). (11,0 -iii.o 

(ii.ioih, , 0“ : no ( 11 ( 011 )," . I! “o'. ( 11 ( 011 ). ('ll ooii-i ii^o 

enroll)," ; o] , n'o (lOii), :iLor.(\on), (o, t-Mi,() 

'I’lnis tfasi ons oxid.d mn In conn s analomnis (o oxidal ion in I in In pud 
sl.ili l!oii( and Andii u -ha\( shown, howiMi, lhal lln pii si nee of 
walcr is nol mccssaiN lo ihc coininisl ion ol a h\ dioc.ii lion, which 
nia\ he siipposf d lo 1)1 ihiielK h\ iliow lali d h\ o\\"iii 

\Mi( 11 a inixhni ol imlh.ini and owlmd is 1 splodul al conslani 
M)hnn< and an nnlial pi'ssnn ol Itoni 10 to .“lO al inos|)he»’( s, Ihi 
i'ollow iiiiT is I hi conise ol lln n. 11 lion* 

(11, : o, '11.(1011), n.e.o 1 ii,o~^n, (o ' n.o 

'rill* nsnll of lli{‘ < \plosion ol tin nnxliiie (( 11 , \ O, , ‘Jll,) sliows 
lhal thcadinih ofunlhan* loi o\\ m n in i \j)lo-.ions is lioin I weni\ lo 
Ihirls liiiH's Ih.il ol h\dio«M n ‘ 

Milhane loiins .ni (\plosi\<‘ nnxinii wilh an 01 owi^ri n. 'J’hc 
mil iisitv' of (he ( Nplosion incnaMs lioin /iio to a inaMminn, and 
diniinislu s aLfani lo /< 10 w il hin ci 1 lain hnni s 'I'ln i.ih s o| piopaLMi ion 
ol I he ( xplo'.ion ha\ I In 1 11 ^'1 ndn d i)\ Mall. ml and !.< ( h.ih In 1 ' [Minch, ^ 
and Parkii", .mil I’lcln'^ h.is found lh;d lln hniil ^ of 1 \|ilo^ihihl \ ol a 
inixhiic of nn Ihain. and .m .m 3-0 3 (o' and 7 Hi 7 .s.s pt r ciiil. of 
nnliianc. Hi low lln low< 1 liinil lln- niixlim dins nol hum, al)o\c 
Ihc Jm,dier hniil il dm s nol <\plodi. Hniiilland llohu I son,'' howcwr, 
iind lh.it lln lowest Innil loi lln complih- propa«j.il ion ol llaiin- in a 
nnxlnre of nn lh;me ;ind .Ml IS 1 k I W( I n 3 7.7 and I j)i 1 ci nl oiniilhanc, 
and lhal Ihc lowest i^nilion li inpi r.il me foi mivlims of nnih.mc 
and air is aOO ’ ('. 

Estimation of Methane. Smcc thin is no known aliMiilicnl for 
nn thane, this iras is istmialid m a L^asi ons nnxini. hv Imrnini^ 

* Aiiii'iljnni:, I'ftn- ( hi >ii Sm . ino*. 8^, las-^ 

- I’nni' !iml Anilii 7 ';(/)/s ('/nm .s... , I'Kiii, 89, n iL* 

“ Jioin-, |).lM^'^, lli*insii'( lx, .iinl H.uo'iii, J‘hil /'uni'i. I'll.), (A|, 2i'5, 2'i~> 

‘ Hi' Cliali'liiT, Hull t>i>t thiiii , Iss'J, |ii|, 39, .{ 7 .! 

Miniih, MmMi , ISMS, 19, *_»')•) 

“ PaikiT, ('hftii Sill', l ')|,7 107, .{J.s • 

' Tcplii, ./ jirakt ('hem , 15 ) 07 , |ii|, 75, -IJ 

® Jiurnll and Ivobfit.snn J I ml Hm} ( In m , 1015 , 7, 417 
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it, and (l<‘tcrniimn<r tin* ainonid of rarl)()n dioxide produced either 

{a) \ oliiMK t iiealh or [b) •'rav i nu trieal I ^ 

(a) 'I’o ('sliniate lh(‘ eailioii dioxidi \ olniiietnealh' a ‘^nveii \oIiinie 
of <ras is (\|»Io(Im 1 Willi ( \e( ss of air, and llie \oliiini‘ alter ( \ plosion 
Mot(d. 'I’lie iisidii.d L'.is 1 ^ I Inn sliaki ii wilh e.nislie polasli, and the 
diniiiinl ion ol \o|uin<' llnis hioiiLilil alionl is dial of ilu earlion dio\id(‘, 
wiueli Is e(jiMil lo lli(“ \oliiine ol iiKlliaiie orii^in.illv prtsdil/ If llie 
methane was inixid wilh li\dioL|(n the \ohime of the lydroircn is 
esiiniah d 1)\ Iln i(»liowiiiir Idnniila : 

If. I eonlraelion .il h r ( \plosion 

aiul If eoiilnu 1 loii .lihi (‘\posiin lo potash - \oliiine of met hane, 

\ oinine of liMlroiren ](i *2//) 

\eeoidiiiif lo Hone and Cowaid * small ju lei nlaires of methane m 
jmsenei of laii^e « \e( ss ol h\dioi,Mi cannot In* acenial(I\ (shmahd 
l)y (\|)losioii. 'rile ludroiren ma\. howiver, he pnwionsh runo\('d 
and eslmi<ilid 1)\ ahsorplion m (‘ont.iel wilh palladium, and also l>y 
li.ielioii.d eomhielioM il Ihe iiiixmI ijasi s eonlamini; i \e( ss of owjjfen 
are passv d ON ( I pall.idiiim ‘'poia^i or palLulimn asin slos al 100 smei* 
at this limpiialnie Mk liNdio'^nn hums, hnl not Iln* mithaiM'.'-^ 

{h) 'file eaihoii dio\ide ioiMnd l)\ Uk eoinhiisl ion ol inelhaiu' 
niav In <sliin<ihd t»ia\ im< 1 1 ie.dl\ after t he maniu i of nil im.di' oi iranie 
analysis h\ passing tin imlhane Ihioinrli a liilx eonl. lining rc‘d-hot 
(•0|)p(‘r o\id( , and ahsoihini* the lesnlline e.nlnm dio\id(‘ in W'eii^lK d 
jiolasli hnlhs after ri'inoN im,^ the w.dei I)n ealemm ehloiide. 


KTIIYLKXK 
l'’oi inula, (’oil , 

History. -KtliN leiu , Klhem, Olr liant »as, oi Ihaw (’ariniiel ted 
Hydrogen'll w.is lust olitaiiud l)\ Hielur from .deoliol hvlnalmi; it wilh 
sulphmie acid. It was nuntioiKd l)\ Hiiestl. \ in his Ki jit'iininitu 
and Ohsnvalinns on Jn, hnl liisl properI\ sindnd in 17!>.Ti hy Ihe 
four Dnleli ehemists, Diimann, Haels \an 'riooslw’\k. Hondl, and 
Laiiwerenhnriedi, who ohser\id Ihe oilv Japiid il piodneed on eemihina- 
tion with chloiine. d'his iiepiid, elh\lene diehloride, was named Diileh 
liipiid from the nalionahlv of ils <liseo\ erers, and the jras itself was 
called oleliaiit (/ c. oil-foimm^) ^as h\ Fonrerov. 

Tile dilfermee' he 1 ween ellnKne and methane N\as ohse-rxeel liy 
Henry in ISOa, and the- denser i^as w'as called hcavif raiinnri/rd hifdinocn 
to distiiiirnish it from me thane, whieh was h^dit c<irhiiie‘tted hydroien n, 
tliesc two ieMses heiinr the* onI\ Indrocarhons known at that, time'. 

The name elliNlene' is deiiNe'd fiom the name of the- alcohol (e Ihyl) 
whence' it is piepand (e/. propvle'iie fiom propN I alceiheil) ; and the 
dcsij^natieMi ethenc is due to the (ieiieva Coiunition (1.S()‘2), which 
applied the snllixes -ane, -e ne, -ine in accordance' with dimimsliinq 
hydro<(en content, thus : 

(’dl« (dl, (JL 

Ft hane. Fthene. Ftliine. 

‘ llniic and row.inl. Y'/'O/n ('him Stx , 1908, 93 , 1979 
‘ Ilrmpe’l, twa^/N?i, Kiil' edii. 1892, p 



(WllHOX A\I) ITS COMPOUNDS 75 

Fonnation. Kllwlnu is l<irnu'(i .is .i pioiliicl <»!' llic <li\ disl ill.il ion 
of Mi.iiiy oru.niic siilisl.inci-s, r a s.ills of .ilipli.ihc .ui<K, i.ils. Ksins, 
iliul (ii.li. 

Synthesis. l‘Uli\hiM li.is hn n s\ iil in sis« d in Mii.dl (|ii.inldics lioin 

its (1(1. Kills II h.is l)((ii loiMid HI siii.dl (pi.iiihlKs, i.inh ( \c( ( (liiiif 
1 p( I (‘(111, .imonir tin piodiicls nl tin iiilci.icl loii ol lixdic^n .iiid 
V. moils kll|ds ()| (‘.IllloM.ll h llipi mIiIK s ))( I \\( ( M I.SDO (' .1/(1 ‘JJOO C.^ 
Will M, llO\\(l*tl*. IIk 1 ,Ms((i||s plodiuds .lit |llllO^(d ((UK kl\ Iioiii I lu* 
MciLrlilioiii IkxhI nf I Ik Ik .lit d (MI lion, .iiid p.issi d 1 liioU'dH’li iii‘(* d cooled 
111 li(]iiid .III, IIk loi Ill.il ion ol (lli\l'‘'K“ is iiK»M in.iikid M 1-00 C. 
.‘iiid 10 lo 00 c.iii pKssiiic till i.dc ol loiiii.ilion ol iIIinIiIk w.is oiic- 
Uundiidlh lli;il of tin iikIii.ihc, IkiI .d IiiuIk i U lupt i.il uk s llic 
plopoihoii oT (llisltiK ii'cit.i^d, lill ill 1100 C (lie MiluiiK ol ilu* 

( I li\ li lie w.is om -li nl li I li.il (*l IIk iikIIi.iiic- 

Preparation. (1) I.llisl'iic is i^iikkiIK pi(|)<u‘(d 1>\ 11 k‘ dilisdi.i- 
tion ol vllul .dcoliol, tin n.ichon Ik iiili (sscMti.dI\ 

c.iinil (’.III 11/) 

Zinc cliloiidf, I'liosplitKic .‘inli\ di idi . lioin* ;inli\ di idi . ‘ .ind conccii- 
hiilid sMipliiiiic .Kid li.i\( Ikiii us'd .IS (It li\ di.d ni'j ids In (lie 
ciisc ()| smI|)1iii!K' .Kid (Ik li.dl (siti, known .is (lli\l '• id| iliiii ic ucid 
or siiljilioN line .icid, is liisl loinicd .iiid i Ik ii di c(Hii|>o‘ < s lliiis 

( Mi-oii , iio.so on c.,iu,o .so, on ' n.o 
( di ’o .so_ on “ no-.so, on : ( ,n, 

Acioidini: lo IIk iikIIkkI ol iMltniinxi .nid lliinh ^ ‘J.") l'miiis of 
, dcoliol .‘ind l.‘)0 Ln.iiniiKs (»l (‘oik < nl i.ih d siilpliniic ;i(‘id .m li /did in 
:i lljisk ol ‘J ,*} Idiis (<ip.icil\ lo loo 170 ('. .iiid ,i ini\lnit ol I pail ol 
alcohol .ind 2 of siilpliniic .icid is dio|»()<d in l'!(li\l<tK is (\ol\(d, 
,111(1 is w.I'-Ik d lioni .ilcoliol .md t llicr Napoiii willi conci idi.ih d Md|)Iiuiic 
iicid, .111(1 honi siil|)liiii dio\id( willi c.in^lic sod.i l)is.id\ .inl.ii;( s of 
tins (iioccss .ill (‘li.m mu .111(1 liotlinnf. and 111* onkI.iIioii ol ■'Oiik ol I1 k‘ 
alcohol lo c.iihon dioxide willi lie* sniiiill.iiK ons t\olntion ol Mil|)hiir 
dioxidi (loni (Ik snlpliimc .icid .^aiid is souk I iiik s .iddi d lo|U(\int 
liolhin'4, lad, .iccoidniL( lo .1 l> .St ndi k ns. ‘ il .icis .iKo as .i c.il.'iKsl, 
c.'iii'.iiiK tin K.iclion lo |ao(>(id .d .i lt)\\tr h nipt r.d no Miiniiiiinii) 
.snlph.dc, howt\(i, is ,i nioit ilhcln' cd.iKsI N(\\lli'' li.is shown 
that sM’iipy pliosplioMc .aid nia\ ad\ . iiiI.iuk oiisK Ik siilrldiihd lor 
sill pi nil 1C acid, .iial I h.d .i ( onl innons si u .mi ol jan i t I h \ !< no is tilil aim d 
1)\ dro|)]>niK alcohol iido.'Xlcc ol tin .icid Ik .ih d nnl d ils h iii|k i.d iirc 
attains 200 220 '(' \lmllici nii|no\ ( im id consisis in |iassniL{ .dcoliol 

vaponi (IiioiikIi tlv lii.ihd (iliosphoiic .icid 'lliis m.i\ he (ll(cl(d hy 
dropping the alcohol slowl\ iKaii .i l.iji-rniim I down .i lliisl |o-liinncl 
closed wdh a ciak Tin .dcoliol Ihcn \.ipoMS(‘^ in I la inlic of llic 
tliistlc-finnu l within Ihc KtiKi.diiiK ll.isk, and blows Ihioiiidi ils lim ly 
draw'll outpoint Ixiic.ilh tin sinl.icc (»l Die phosplitaic .icid Or Ihc 
alcohol niiiv be boihd in .i st pai.iU ll.isk, and ils \.Lj)oin h d iido Ihc 
phosphoiic .icid " 

^ I’oiii: y'/f/zf' Chilli Sill . I‘1IK 97, I'*'' 

- J‘nii^ .uni F.iiilif. Tilin'- Chun > n , I'd I 99, 17110 

’ \ill.ii(l, lz/« ('h.iii J’hif', ls')7 l\i(I 10, ‘is'l 

* Huutc, Antni^ui, IST.J, 168, OJ , ls7s, 192, J-H ^ 

* SendiTfjis, CW/iZ iPinl., 1910, 151, .i'M , su* .lUu KroiiKinn, AtonuCh , I'llO. 31, ail. 

« Newth, Trans Cheni Sor . 1901. 79, 01.7 

’ Tiideaux, Chem Ncua, 1910, 113, 277 
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Oth(‘r inoLluxls of cNivlciic ;irc tin* followinrr : 

(2) Uv ln.itmii nu ( li\ lcn(‘ lodidi* wilh (•()|)|)('r in a st'aJcd hibn ; 

2(11,1, ! J(’ii 2(ii,I, I (’JIj. 

(li) liy I lie aclioM oi /iiK* upon (-(IinIimk liiotnidc 
(',11 , Mi, ! Zn ZnUr, j (‘.JIi; 
and ()l ^odmni on (IIinKik* oi cl I i\ lidi ik* cliloridc : 


CII . Cl 

1 

I 2\a 

CII. 

!l 

PiL 

1 2\aCl. 

CII, Cl 



CIICl, 


CII, 


1 

! 2\a 


1- 2\.iCI. 

CII. 




(1) Hn |I)( achon of alcohohr [lol.isli or |)olassiiiin (‘llio\i<i( on 
cllisl hioniidc 

( Hpdl.IJi I KOII (MI, -I Kill* 1 II, () 

(’ll,, CIlJIi I K()(’,II., CJI, I Klir I (','11-, on. 

(5) I5v llic addition ofliNdio'^iii loa(*((\lcnc lliioiiiili the action of 
zinc and aiiinioiii.i on coppi r acclviidt * 


(’ll 

1-211 

('ll 


(’II 

I! 

cii 


(0) IIn the elcctrolN MS of a eonecnl laled solution of pol.issiiiin 
Mieeinalc . 


('ir,('()()K ('II, 

I ^ : 211.0 i: “ ! 2(0. f2K()ii I n.. 

(’ll, COOK (’ll, 

(7) Fioni alcohol and phosplionis,* Unis * 

;}(’., II., 011 I 2l» P(Oll), + Pli, 1 'IP.1I4- 

(S) Proin c.iihon monoxide and li\droi;(n l>y conlacl witli nickel 
and pall.idmm ~ 

(O I 2II, II./) i CII.,; 2(’Il2 - (’,11,. 

Physical Properties of Ethylene. — EUnlcne is a colon rh'ss ^ais uilh 
an cthcn al smell. Il was lirst li(|iicncd by Faraday m ISI.i at 1° C. 
imdcr 12 atmosjihcrcs picssiirc. The ^.lpollr-p^cssm’cs at, \aiioiis 
tempera ti Ills an- thus j,n\en by Olszewski^ and Villard * ; 


' .Sfiidi'icns, Compt. rend , 1907, 144 , .‘181, 1100 
“ OilufT. ./ riii/n Chem Hue, 1908, 40 , 1588. 
3 Ols/PU'.Ki, ('umyt tend , 1884,99, 1,'1.3 
* \'illai<k Ann Chun PhtjA , 1897, [viij, zo, 389. 
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01s/e\\-,lvi 


\ ill, lid 

'r(iii|) (' 

\ l*|( 0 (ill 

1 1 iii|i < ' 

\ ,I|)UIM l*l( ''"llli 

i.'>o\ ^ 

t) <S mill 

101 

1 0 .dm 

KJ-J 

.->() 

00 

7 .*) . , 

1 1 I 

;no 

0 

JO 2 .. 

io;i 

7.‘)0 

-1- !> {) 

Ml 1 


Tims lli( (>l ( ( ii\ lui(‘ .i( .linio^pix 1 1(‘ is .iIxmiL 

KM C. ('.iiJoso .tixl Vim' i,M\t KP 101 .i (* 

'rii(‘ \ <i|)(>ui |)i( ssiiN s “ ol ( Mi\ I* m* :it 1 ( iiijf r.ihii ( > l)> i< »u il s iioi inal 
hoiliii^-pniiil iM.iy he (1 lioni Mk ('<|ii.il ion 


'('lie iollouiMir ciiIkmI (i.ila lor <lli\l(n<‘ h.i\(‘ Ixx'ii (l< h‘i iiiiiuxl by 

lit ol)s( I \ ( I s 

Ciitn (I It )ii|»i I ('iilii il Oil -.1111' 

Vail (li 1 V\<nls ‘ . oSO.ilm 

I )( Will ' .10 1 ('. :> I 0 

()ls/(\\skr- . 10 0 C’ .">17 . 

(’.iido^o .111(1 Vini ' . 0 ,")0 10” (' .>0 0.') ■lO.iIrn. 

Till coiisl.inls a .11x1 h in \,im <ii i nils' ((jii.ilion .ik for cllixii nr 
OOOSSO and 0 00‘_V) I (Diw.ii ’) oi 0 00.ST7 .ind OOOliVI (( )ls/( \vski 
1 1 s|)( cl l\ < 1\ , 

'I'Ik d(iisi(\ ot ir.isioiis (Ihvliix Is 0 •)S.yj (an I I. uliilsl llic 
dinsih ol a |x 1 r< cl if.is til moll cnl.ii U( ii,dil *i.S 0‘{ would lx OOO.sl 

Li( jind ( 1 li\ li IK sididilh s .il loi) C'’', (Ik di iisil \ " n| I Ik li(|iiid 
at ils Ixiiliin^-jionil is 0 000.>, aixl .il lln* im 11 nix |mhiiI 0 O.’JS.j. 
\c(oi'dnii> lo ( ailli l( I .iiid M. din. is/ Iiowimi, iKjind iIIinIiik- lias a 
(l(iisil\ of 0 000 ,d Ol (' 'J’Ik Cl n oscojiic coiisl.inl *' ol di\ (lli\lincis 
I’i.i, tlial of the moist C(>m|x)inid IbS 'I’lic s|)(ci(ic Ik at of iLlixlcix' 
bclwKii 10 (’ and -J^O (' isO 1010"', ilsln.il ol c.)ml)ii^l loii is 0 H,10() 
c.doiics (Ihitlulot ,iiid M.il iL,moii ^') oi O.OO.OOO c.doi K s ('riioinscii '“). 

KIIi\](Ik is simiitb soliibli 111 w.il(i, bill imich nioic soliibh' in 
alcoliol . 1 1( III icli '■' ( \|ni ss( s its solnbilit\ in I1 ks( two soKdils l)V 
the lollow mi( I (|nalioiis . 

‘ ( '.ikIiisii .111(1 \ini -/ ( 7 in/l lililfs , I'llJ, 10, lOI 

- Itiiiii II and l!>il»'il'«)ii ./ !/»»/ ('turn Sm l'>l'», J7, 1 s'l.l 

’’ V.iii (I(‘i W.i.iK ll'ihfitll'i l.sso, 4, TOl 

* l)('\\.u. rfiil issl \^ \, i8, JIO 

’ Ol'i/t'W'-.ki, Phil Mfi'j . j9, IsS 

()lv/i‘\\-ki, Miniill',li , Iss7. 8, K’l 

' Jjfxd( iilniii' .md Kiiim’I, I'm . Isd'l, 32, IS2() 

** ('.iillclcl and iM.illiias, ( uinpl nml , ISSJ. 94, 15I»U , Jysii, I02, 1202. 

’’ Mules, Amtl /'’m Qmm , 1012, 10, I'll 
JU'uri.mlt, d I' Imd , 1.SK2, 26, I 

Meitlielut .iiid Mali::n(iii, Ihx ('him /V>7s' , 1S‘M, | m|, 30, ."»."i.>. 

TJiuinsin, Thrnnmhfmini IiP f iih f>ui/iunijf n, Iss2, «i, 'J7. 

IIl'iiikIi, phi/sikul ( h> m IS'.M, 9, Tl") 
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Solubility of (.thykiic in ^\atcT at f C. : 

(* 0 2.JI..S7 — 0 ()OK.s;n‘i/ | o oooi: i ir/-. 

Soliil)ilil\ of ( 1]|\ IciK' III alc()lu»I .il / ('. : 

V .‘iaSTfi 0 O.jlJla.'i/ I 0 OOOO'J.-ili!)/-. 

J'llliN Iciic iiii(i( I |)i(‘ssiin‘ foiins ^\llll wabr llu liydiaU' C.>I I ^.(ll faOd 

Chemical Properties of Ethylene. Dmnnpnsihnii - It uas shown 
by D.illon niui Ih iir\ - ili.il rarbon .md li\droift n rcsiill fioin ))assinfr 
C‘l('t*ti‘i(* spaikb IIiioiikIi ili<‘ M.iichand * IxluM'd Dial (llixlciic 

^^as d{C()ni|)os( d mio caiboii and nuDianc ((\lli C ;'-CII,) at a 
brii,dil ltd Ik.iI, and Bidf and llofinann * obsciw cd tins icsnll wlit'n 
a plalinnin wnc was luaUd t K'cliu'alK lo dull icdiKss in the i;as. 
No accoiinl, liowixci, was (akin In, lli(‘S(“ obs(T\ t rs ol inicrnii’dialc 
j)n)dncls which art undoiibli div fornu'd. Bcrlhdol ’* rc|)rcscnl( d (he 
thcinial d( conijiosihnn ofclliNlcnc Ihns: 

( jr, C,ll> ! II,: 2C,II, C,II,, ! C,!!,, 

accl\Icn(‘ b( iiii^ Ihc iillini.dt* dt conijiosil ion piodiicl whilhcr ('Up 
C,II,,, or ( 'oil, IS (It composed- which snbst tpit nll\ pol\m( lists lo 
bt'ii/. nt , ( Ic lit W( s '* K picsciiit d Ihc d< conijiosihon llnis. •*}(', IIj - 
‘iC'jjII, ; 2('II, : bill Ihc m<“Ws of Bone and Cowaid dilft r somtwvhat 
from ,m\ ol Iht loit L^omi; 

Accoidm<r lo Iht st‘ obst I v( rs the piimai v t ITccI of hii,di It mjit laliirc 
upon <lh\l(nc IS It! ( hminalt* h\ thoi;' 11 and Mimillant oiisl\' loost n Die 
“■double bond" btiwetn Iht caibon altniis. so Ih.il Dn nsidiit's • ('ll., 
and .'(’II lia\t a monitiibirv (‘Msicnec. 'I'lu'sc n-.nliits ma\ llicii 
cillicr (//) loini tDi\lcnc or accUltnc, (/>) brtak down into eaibtai and 
Iisdro^cn, or (c) be h\ dioLft msed io intlliaiit, thus: 

r h/) (’.11, i II, 

II..(':(’II 2( ('ll) -III, I ^(h)2C I II, fll, 

“ ^ (e) (’,11, i 811, “2(11,. 

Bone and (’ow.iitl olistnetl the treiiei.ilion ttf brtiwn x.ijiouis which 
condensed lo a Mseons lar when tlh\’lene at a pitssiiit' of .'Jii.*) mm. 
circiilalt tl Diionuli a lube at a70 ."^SO (’. Thesi pitxiiiels were Complex, 
but eonsisletl of aiomalic ludiocarbons formed bv Du polyint risal ion 
of acelvleiie or .(’II resitiues. 

P(ilf/ni('} I'^nlntH. -VAhsU'iw |)oIvnieriscs at hi<fh tempt laliire and 
j)ressiire in presence of calabsts. The produel is a comjjlt \ mixture 
conlamuiLr pentane, isopt nlane, hexane, (Ihvleiiic hydnicarbons, and 
iiajihl heiies.'^ 

Atlilifivc licactinus As an un.sal iiraled hvdrocaibon tlliylent' is 
capable of ininurous adddne reaclioiis. Il combines witli liuhoyen 
to foini t Diane (('2ll»,) undtr Die calalytic inlluencc of plaiinuni-bkick 

^ 1/0/ i'hnn , ls»)7, |\iil, ii, JMI 

® l).ill<in, \/// Sf/stem, pi i. l«sa.s, i, pp -l-ia, tt7 , 77/?/. 7'?//;?s’., ISUD, 99, 44G 
iM.m li.iMil, ./ //////./ ('firm , IS.'PI, 36, ITS 
* liiill .'iriil lli)tni.iiiii, Inmihn, ISl/O, 113, 12') 

^ JIi tdit lof. Mail's f/f p.ipfis m .1///? ('him I’lnf'i , 

'• Li'wrs. rior pnif Sue. iS'lt, 55, ilO. IS*)."), 57, .Tit 
’ l’,(/in' .mil ('ow.imI. 77f//?s ('him Sm , 190.S, 93, IJOl. 

“ Ipitlion aiitl iUitiiU, Bit . lOlit, 46 , 1748 
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at atiiiosphcnc temper;.) ii.o ' ; aii.l 11., eh ..iek.I proil.iees a,, 

almos .|ii.i„lil,,ln,. y„l,| „r ,ll,.„ie,il T;iO l.KI C.-! |.;)lnl,ii, .miles 

.i'll' ",',.',.1"'"“' !i"'l I'xli'i' I" f'oim llie emusniMidii.e 

',',i'i' I'll.'' * " ‘•»"il"i.e- 

«ill. III.. ...Ill III ill 1(10 ('. I.iil 111,1 mill IK'l. III- .III, I (',11 I 

ivspieli\,l\ II Iiiiiiis „|||, e.,Mei.ili,il.,l siilplmue .„'i,|, sl.,«lC ,i| 
iitiiii.s|ili, lie 1 . 1|||„ iMliiiv,.|iiiekl\ .il l.io 17 1 (' . |,,i min,, , | |u |-siilnliime 
or S'llplK^Miic .icirl. (MlJIsO, ... 

• (iijo^o.ii 
loniis t iJiiomc I 

('ll. SO, 11. 

('ll, O NO, ■ 

^1,1 l•’l.ll.ll.l,' siilplmue .leiil is iisi.l r... ||i, nlisniplimi 

Ol' < lll\ I' /!<• Ill n.is .in.ll\ MS 

Cliluliisiilnlionic ;i(*i(l (Cl SO Ih 

( II, (1 

I wlucli \ iclds is( (liioiiic .icid 

( II, SO, II, 


with lllllllll^r Mil|)llllllf JlCld II 

or its .iiiliN dridc, c.ii l)\ I-sulpludc. 


J»ln<liu ( s IS) I llloliv I 

a 11,011 

nmIIi Wider 


liloi id(', 


/CII.OII \ 

Vni. s(),ii j 


1I\ |)()(‘llloNMlS 


( II>'C1 


ilcid Imins ljI \(’(>1 nioiincldoi hydi m, | jiud 

/m.iimiml.ie.ieiil \ ii 1,1s . 1 1,\ I, i,. „||,,,|,. (',I|,(\,() ) All li„n!.'li «,il, .• 
JO'S .ml ei.iMl,,,,, iliiiillv mill ,l|,i|,„,’lo p'loilnee illixl .ileolml. 
till l.ill. 1 m.ix 111 i.M.iiii, ,1 In IimI.i.Ixs.ii:; III. .nlililn. ei.iiipniind 
widi^ sulplnmc or nihic ' 

IluK IS ( \ id) net oj Ih, • Msh nci of .m oviimiiin (■oim|M)iiii ' * with 


CII 


ni( I h\ 1 (I her 
Klh\ I( M(‘ 

C,II,.F. lir,, (' II, 
with ni( rcdi'K* s.dls • 


('ll 

I’ol Ml' 


(Ik 

riHr 


( II. 

I 

( II 

IoIIowiiil; ilouhh* (••)ni|)oiiiids willi sidls: 
, (,IIj ‘Jl\( I , ,||ld ij|(> |o||o\\l||<r coiMpoiinds 


(1 ) IsIIkik nKiciiix s.dls (II, ('ll II^f\ 

(•-’) Kiii.nioi iM(iciii\ s.dls, no" CII .-cn ic.rX 

('M KllnJOlur iikicimn s.dls, ()(Cli , CII, II.,r\), 

(1) I’<||\ mi MS) d ( Ih) IK MKK'IIIX s.dls" (( 'll" (dl IIt\)„. 

It IS supposed (Ii.il (he s.diii.did compomid XCII CII -Il-rX 

IS 1..^ ^■„.m,,l ,1,1,1 11,11, III., I ,1 liisis IIXII) „i„|..-,.i.1,vd7n- 

lysis (‘J), winch m.i\ In IoIIoxm d |)\ comh ]is:d ion {.*») 

e, *7!" ""''l•'l>le eiimpi.iiiiir’ mill eiiiii-iins eliloride- 

t.jlli.l ii( I. 

(Xnihiliim. TliioiiLdi the e;ii,riil oMil.dmn ,.l' illnl, I.y cold 
dilute perimi.ifriimile si.liilm.i ethjlene ylveol is prodiieed : 

eHj cii.oii 

'I I 11,0 d O I ■ 

cir, cir/)ii. 


J Or- Wild)., n ,, , isTi. 7, ;r.j 

“ ,'^.ili.ilici Jiiid ns. I" timl. 1 .^ 07 , 124, Kill, I.TtK, 1001 , 

® Mtiiinio and (■('riiiaiiii, (\nnjil it ml , IMI I, 153, olil) 

* llofin.inn arnl S.iiid, JUr , l!»on, 3^, i;{|n 
Mancliot and Mniudf, Annnbn, lOOO. 370, 2S(> 


1000. 1 31, 207. 
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More vif'orcPlis oxidahon bv pi riiKm^ann*, chroinie. or iiitrie acid 

produces Ibtiuif, ac(lic. and oxalic acids, .uid carbon dioxide. 

Comhuslinn of FJlnilrnc am! tif Il/ftltacaihnas nt iicuoaK Ktli\Iiiu 
liiinis w illi a II;WM< ol‘ eonadc lablc liiiiiinosil \ Tins is ecjiial. aceoidinif 
lo Eiaiikland,' lo (iS .'i candles wlun Ibe <,uis is bninl al llu* rale of 
a cubic 1(1 { |j( I hour, [ii.il of iM(‘lli.in(‘ beinir (‘(|ual to oiil\ about "j 
candlis. Ellixlem* is I Ik* cIik*! cause of the luminosity of ci'al-iras, 
111 ^\hlell il is j>ns(u{ lo Mk t xlc'iil of ‘2 a pi r cent. ^ 

'I'lieie an lline possible \u\v.s of I lie ni.mnii of conrtiustion ol' a 
livdi'oeaiboii ■ (i) tin pn (t reiitial combustion ofliydro^iii with Uk* conse- 
(|iieiil s( pai.it lou ofiMiboti; (ii) tin* pii h 1 1 iii lal combustion ol' carlion 
with I’oi m.il ion of (('O j IL); (m) (he combiislion of 11 k‘ hulroearbon 
as a wliole willioiit j)ii \ lolls dissociation or prelerenlial comluislion. * 

'I'Ik liist \nw, althoiiLfh il siirviMsl lill l.Sll‘2, has been diserrditid 
To dispio\e it, it IS siillieieiit to show th.il tlie oiilei /one ol a h\(ho- 
(Milion llame coulams bin miii^ h\dio<r( n, and (h.il the mli iconal part 
ol’ a Ihmsen llame consists chu (1\ of h\ dio^i n and (‘arbon monoMile. 

The sicoiid v i< W' was held b\ Dalton, “ was pul lorward aijrim bv 
Kerslen m w.is leinloiced by Sniilhells and Inirle m 1S!)‘2,' and 

was re\i\ed bv Mistcli * m lfM)a. 

Till thud \itu. which is I Ik* oulismic ol Uk lesiaielus of Hone and 
his co-woikeis, and to whi(*h nh'reiicc is made uiuh r methane, mav 
now be noticed. 

^luch 111 this woik has bc(*n concerned with 11 k‘ slow eombiistion 
of hydroeaibons bi low' IIkii l(*mp<*mlur(‘s ol' urnilion, l>ul m a ji.ipei 
on the “ M\plosi\ (* (’oml)uslion ol II\ diocaibons H oik* and l)ruL;man“ 
contdid that the initial chanius aie Uk* same wIkUk*!' 1Ik‘\ lake plaei* 
below or al)o\< the InnpeialuK of lymtion of the i,ms. 

Hone and \\ h(‘( h r conclude that the combustion ol a liMlroeailion 
is a ])roci*ss ol IimIioxn lalion, and lhal o\m»( n mili.ill\ tnlirs the* 
lisdiocaibon <iiid is distiibuled IkIwkii Uk* (‘aibon and h\dio!r(‘n, 
^iNin^f rise to unsl.ibh h\dr(>\vlal< d mokciiles which, soonei or l.ibr, 
accoidmy lollu rapiditv ol'lht piociss. unddi,K> lliernial (l< comjiosil ions 
into simpler products.” 

TIk* combustion ol' (*lh\leiic is uccoidingl} is. presented b} Uk 
I' ollow'in^f selieme . 

Il ( 'll 11 (’ Oil 

-> li 

11 (’ II II ( 11 

(1) 

lie oil ( 11 Tl OIT 

,1 -> *2 • 

li e oil ”( 0 .(Mi -> o-.e oii -> o ( -on 

CO I iT , CO -h ii 7 o c ( 7 , + u ~ i ) 

. ( 2^0 ^'0 

75 ) ^ (; i ) ( 1 ) 

* 1' i.iiiKlaiiil. 7 'Kr?Js’ Cliit)i , liSS.-i, 47, J.}8 

" D.ilton, .\t ir m, ISOS, mjI 1, 114 - 

' Kiislin. / finiU r/// /// , 1 SI»I, 84, .‘» 1 U 

* .'*'*1111 .in«l Indi*. Tniii^ ('hem »S'fw , l.S!) 2 , 6l, 

I* MisUh. ./ (;nsh,l, iK/iliintj, I ao.'), 48, 802 

* Mom* jind Diii^ni.iit, Trun-'t ('heut Sm , laiHi, 8 q, 1)78. 

' Mom* ami Wheelci, Trutai C/um iSoi , lUOl, 85, lb 37 
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So th(‘ stnjTfs arc: (1) Miivl alcoliol, (2) formiildt'hyilr, (M) I’onuK* 
acid. ( I) cnihojiic acid the tliK c latfca* snhslaiiccs ^ n ldini; as s< C(md.iry 
jirodiicis cailiiui in()iu>\id<‘, li\ droi^i'n, c.mIxhi dioMdj . .iiid w.ilcr. 
I'oiiii.ddi li\ dc Is It iT.iidt (1 .is lh(“ niosi |)i< uni unit mh riiit di.ilc ox id. 1 1 ion 
})iodiii I 

No M p.u.il ion gt ( .11 1 ion. siicli as [.iIm s |)I.icc in oi<lm:ii \ Ii\ dnicailion 
nani( s. is |)i( \ nil d It)!- in tin .dxn < srln me. 'I’tiis st ji.ii il imh lakt s pl.icc 
oiiIn v.htn tljc siijjplv <»!' ox\tr(ii is insiiMicn nl lo Imimi I Ik- itli\lni(‘ 
to Idi'ni.ildt ii\ di‘ ; llun tliiii Ksiiit tioni (linnial d( < oinposilion 
caihon, )i\dioL{(n, iiK Oi.iin . and 1 i.ic( s oi .u'tlxhiK 'I'liiis IIk Inini- 
nosil V of a ll.inic is s( ill to lx .iccoiinfcd loi l)\ t Ik* lilx i.il ion of (‘.aihoii 
coiisitpinit upon (Ik (iKiin.ii d( coinposihon of its li\<iio(Mil)on <ras('s ; 
bill sid( bv side vmIIi tins dcconiposil ion llic k.'kIioiis (slablislnd 1)V 
Bone .iiid Ins co-\\ork( rs lake pl.ii'i* 

Estimation of Ethylene. I lx ainonni of (linKix in <i irasions 
iinxlnu iscasih < si im.il( d 1)\ l.iknii* .ul\ mlauo ol one of IIk arldili\e 
itaclions ol winch lliis <ras is c.ijiablt .Siiic* Innniu,^ snipinnic .icid 
so icadih .ilisoi bs Oils ir.is. |li( lal b r is ( si iiinlt d b\ lli' los , ol \ oliinic 
the ^Msions nnxliiie iiikKil'ixs in cimiI.m'I wiIIi tiu and 


A( CTVI.KNK 


rtainnia, ( 

Ac((\l<n( Ol I'tliine was disco\(i<d b\ Mdinnrid l)a\\ ' ni 1S;5(>, 
lull w.is Inst iin ( s| itral( d b\ H(i(ii(lol.- lo whom Ilic ii.iiik \(‘(l\lnic 
is line Ihilh'lol * piodncid this lJ.is sNiilInlusdls h\ sliik-n^f tlic 
cli ell K' aie lx I wi ui (mi lion pnh s in an :il mosplu ii* of li\ dioireii * 

‘jc n. lie ( II 

lloiK' and .1(1(1.111 ’ lia\' m\ ( si luf.ib d tins a(lion :iiid iiiid Unit 
iiKlIiaiK* <ind (iliaiK .iit .ilso ])iodne(d. so lliat wlnn e(|nililn inin is 
albaiind (Ik issnme^ e.is h.is (Ik following' .ippioxnnale coinposilioii : 


IIn di(>m'ii 
An I n h ne 
All lliaiic 
Mlliane 


DO '0 pel cent. 
7 S 
I 2.1 
0 rr, 


The\ are of (►]»inion Oi.il Ok si lixOiiKMiboiH an piodnci d sn nOu lically 
and ind( j)( iidenl Ic, so ||nl llic an l\ line doi s not iisnil from llic 
till rmal decomposition ol the otiin liNiliocaibons. 

Il was fiirthi r ''hoNNii bv BciIIk I<d •‘'lhal an l\ Ii ne is piodneed w hni 
clh\lenc or llie \ajjoni of alcohol is passed lhioni,di a led-hol tnb(“, 
anii also In llie action ol ilecliic sparks on methane. (Ilnlnic, or a 
ni]\lnrc ol e\aiio^nn and hydrogen. Tiic f(aniation ol ;icef\l(nc from 
cOiyli IK bv Iheaclion ol la .d has lx eii conhrmnl In IJone.'ind Cow.ird,” 
but the same obsinns liaNe shown that methane dixs not jnodnee 
acelNline bv thumal d» eoinposilion. 

^ .1. lif/xtri-, is:iii p r>j 

2 Jicitlxlut, Anil ('Inin rhns , IS-V,!, [iii|, 57, S2 
® licitlii’ltif, ('him I’hi/^ I.SIJS, [iv (. 13 , 14'1 

* Hone aixl .Jt’id.in, y/M/o ('In m .St^r , I'MII, 79, HM2 , 

* Hcithelot, CInm /7i//s , ISK'J | in |, 67, , Isad, |i\ j, 9, 4i;i . ISDS, 'vj, 13, 143. 

® Boiiu and (.'owiird Tinii^ ('Imn ,St/r 93, 1201 
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Preparation.- Acdyicnc is rorincd a J^iinscn hiirncr “strikes 
back " and burns at I he })as< At (In* same lime a piriihar and pciie- 
Lratin;^^ odour is snn If wlnciK alllioiii;h not due to a<*(‘l \ Icnc ilsclf, s(‘r\ cs 
to (Inns alhniion lo lln impropci lini iiinL^ of tlic coal-yas. It is usual 
to alliibnlc tins piodia*! ion of acdsltnc io lli(‘ nnpcifid coinbiistioii 
of llif li\ drocarhons jinscnl m the eoal-^'as, but il is jirolialile lb. it tins 
^as IS pi(){|ue('(l b\ llu* lln imal dissoeialiou of ( lb\ h’lie, .lud tin n eseaiics 
into file air ouni^ lo im|)erled combustion. 

It ^^as fiisl obs(‘i\ed by WoIiIct in 1<S(>2 ^ that aci‘t}hne is foimed 
by tin* aclion of waUr on calcium carbidi* : 

CA\ I 2II,() (’a(()II)2 H-CoII.,. 

The carbide was pi.|)ai<d ona]ar<r(‘ scale b\ Willson in 1S‘)2, and 
indepriKh nllv by Moissan - shijlillv l.it(‘r. bv heatnii^ loirdlKi- linn* and 
cliareoal m lln* ehefrie furnace*. “Carbide*” is now' an imjiorlant article 
of eomimiei owiin; lo llu* (‘mploynn nl of acelyh'in* as an ilhinnnant. 
1 1 is pK'paied b\ h* <d iul; linn slum* with eok<‘ or small coal in an < h cl ric 
iurnaci*, and conlains as mipinilies c.ilennn sulphide, phosphide and 
silieide, and mai;nisiuin nilride. as wdl as lln* siheidc>s of eaibon and 
iron and also «rraphile Tin* ae(l\l(*ne f^einiabd lioni I his eailnde 
cons( (pK nllv conlains h\<ho^nn sulphide, phosphnn*. aniinonia, aiul 
olln I nnpuiilKs; and Ihesc aie e<»l iid ol b\ absoiphon m w«d(*r 
and o\i l.ilion In bhachini( powd(*r ainl ollnr nai^enls 

Ace l\ l( ne is foinn <1 b\ mno\ ini» III»r from < lln h ne dibroinnle b\ 
boilmif il wilh ale<>hol potash. pisl as (linhne is obtained fieim ethyl 
bieirnide* 

lllJr IS re'inoNiel horn the* elibiomide* in tw’o slaves, Ihiis : 

(\II,lb . }- KOII (Ml.llr -I Kllr I 11,0 
(“ll.lh I KOII (',11. -I Klb*-| II^O. 

Seielmm abslrae*ls ehleniin* fioni chloreilbrm \ie“leluii; ae*il\line‘: 
‘iCIK'l; -! (>,\a (\II, -I (iNad 

Kle*e*lrol\ sis eif soliilioiis ol the alkali sails of inak le* and fiiinaiK* 
ae’iels proeliiees ae*el\l<ne‘, pist as e le ed rol\ sis of alkali sue*e*mali* yielels 
clln le'iie* • 

(IICOOII ('II 

II . +2C0, I- II,. 

{'II coon CH 

The siher sail of acehlein* elicaibow he ae*iel is ele'e*e)inposeel by liot 
water, jielelnm sil\cr ae'elNheh* and e*arbon elioMih* : 

('•COOAir CAer 

-V |!| I 2(’0,: 

( '(’OOAe; (’Aer 

iinel fremi siber ae-e-hliele pure acetylene* is obtaiinel by the ae*tion of 
ficiel . 

Physical Properties. - Pure acetylene is a cedourless ^ras with an 
ethereal sun 11 11 is hejiielieel meire e-.isilv than e'thylene* or methane, 

' \tinalm, ISliJ, 124 . 207 

Moiss.iii Compt. icttfl . ISDJ, II*;, 1031 

^ Sawit>-'*h, .A/Arc.fftt/- , ISlil, p (UO 
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ami was first obtained in the lu|nid state by CailKlet ’ in 1877. The 
\ a|j(>ni-|»i( ssnu s of solid and lupiid .leelvlciie al xarions b in|)(ralnri‘s 
Inne b((ii d(I(iinined l)\ ViimMI,- X’lll.ird,* Kneinii,' .md .Meintosh.® 
SoiiK' ol llie \.dM(s d( b iiiiiiud bv \ illaid. uiili wlneli liiosr oC Kik iieii 
and Melnlosli .in* in ehisi .ii,ne(‘ini nl, aie ' 


lVx«p 

V.ipiinr l*ii“>suic* 

IVinp “ (’ 

\.l))Ulll 1 

- f)0 

0 )i0 atm. 

(scdnl) 

- 10 

i 77 

8.1 

1 00 

(solid) 

0 

1 20 (VI 

- 81 

1 21 . 

(M.l») 

1 1 .1 

j 3 1 8 

— 70 

2 22 ,, 

(liipiid) 

20 2 

1 12 8 


It Is nob woi I liN tlial .d lh<“ nn ll mix-poinl of solid ae( I \ I( iM ( - SU) 
the \4i|)onr-|)ri ssnit is (<|ii.d lo I -Vi al mos|)h. ii>, and Ih.il al 85*" 
solid ai‘t lullin' \apoiiijs«s .il .il niosphene pnssnn'. Tli.il is lo say, 
solid aeeljkJiiie. like solnl ais<nie lor inslaiie<‘. snliliiiK s win n lu.ibil 
uiuh r ahiiosplK I le pK ssiin*, .ind e.ni only In* imlbd iiikIm’ »,Mtaler 
pressiin . Winn lirpiid .ietl\l(ne <\ ipondts in llie air il solidilies to 
a snowliki mass. 

AeeoidiMir lo L.uhnlnnix <ind Kiii'jd*’ lli(‘ siililini.il ion b inperaLnro 
ofaeiUhne is - 82 l« C , .nid .lecoidiiiif lo Melnlosli' .s;{ (I (' at 
71)0 nnn. pK ssiire. Tins l.illei obs< i \ ( r Ibiind 81 .■> C’ ,i[ Sih”} inin. 
lo be tli(‘ liiph pond <il wliieli solid, Japiid, and ^asciMis <ie(l\l ne ean 
co-( Msl in (.ipiilibiniin. 

'I’Ik eiilie.il data .leeoidm^ lo Villaid { I ), Km nen (2), .nid Melnlosli 
(3) ai( . 

(1) (-^) Ci) 

('ill leal pressure in .dm . bl I 1110 Old 

leni()< i.dnn‘ ' (’ . 3.) 0 .‘k; 2 ) .’{On 

,, Miliiim . — 83 e.e. 


Aeeoidmii lo Mallii.is'^ lie eiilieal bmpii.ihiK-is 37 or»'(’. and Ihe 
criheal densitv 0 2310, bid ('.lldo'^o and B.mim imd eidieal lempera- 
tnie 3.J a (’. and erd a .d jii i ssiin (daalm’* 

'J’he const. mis lor \an dei W.i.ils e(pialioii are’; f/ 0 0880; 
/j 0 00230. 


'riiedensils ol aeihhiM iind*'i iioi m.d eonddions is 0 02 fair 1 ), 
Ihe llieorelieal \,dne lx m*r 0 ''088 , liu i.diool IliesjKedie luals^'^; 

^ - 1'20 ; the moheiilar heat of \apoiis,dion lor ii(]md acetylene 


at — 81 2 ’ C. ."jOSO ealorii s , lor solid ae( tvh m- at — 83 0 ’ C. -- al-OO 


calories. 


* ( '.I il'i’icl, ^ n/i'/ IsTT, 85 , h"d 

’ I’-fh II. /’/nf /fill/ Sf* , l.sT'i, 29, 2 a') 

‘ \ ili.inl, / n ml , l.s'i.';, 120, I JaJ 

* Kucni'ii, Znt^'/i ji/n/'.dal ( limi , IS'IT 24, i»l)7. 

* Mciiltnsli, ,/ l*hi/\iiifl ('/mu , 15)07, II, .I0«’ 

'■ L.ifl« xkiir*' .11x1 KiiJLf‘‘l /»Vr , loan, 3 j, i» }S 
' Mclntosli. J I’/ii/'i'iut ( '/'I III , 1007 , II, .107 

« M.idii.m, tiiifl , 1 !) 0 '), 148 , 1102 • 

* ('ardcHo and Hniirix', To////;/ n mi , 1910, 151, Ul 
Manouvner and FoiirnuT. (Uniijit rend , 1897, 124, 183. 
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The (Idisily ofliipiid ncr[\Uin‘ ut «()'(’. is 0 01.% h rid of the solid 
at- llie sjiiiK' leiiijici.itiin* 0 T*J.' Thus Ihe inolcetil.ir xoliime of IkjiikI 
aeel yl( III' is l‘2, ;iiid (Ins x.-dui' siinixiiis llu' iieci vlidciie loniiiila 
ofXif 

On till oIIk I hand. Mallieus has sliouii pin sieal reasons for rejecl:- 
nit; llie aei Ivlidini* lorniiila in favoni ol the more usual and svniineli’ic 
formula ('ll ‘ ('II. 

The Inal of eomhnslion of aeel\Iiii(\ aeeoidimr to r” Momseii,'* is 
.‘IlO.O.iO ealoiK s ; and this \ ahie Mildiaeled fioni the snnioflhi heats 
of loim.iljon of waler and eaihon dioxide (‘202.2X0) ^nxi's — 17.770 
ealinies, as the lieal of foimalion of aeit\lene 

Heilhelol and Matnrrion *ohlamid the \ allies .‘115.700 and — 5S.0(‘0 
ealoriis and Mixler ;51.%S00 and — 51, 100 ealorn s. lespi el i\ elv. 

Soluhfhhf of .icrlifU liC. Ai'etxleiie is moie sohilile m wati-rand olliir 
sohiiils than (‘tlnlene, and miieli more soluble than methane One 
\ohinie ol water dissolxis about 1-1 \ol of aeelxleiie at at niospherie 
tempi i.d lire , and the follow mi( eoi Iheieiils are <, 0 x 111 b\' inkier 


0 (' 

1 7A 

1()’('. 

1 ;n 

‘20'’('. 

1 o;{ 

•Aif C 

0 s 


At low limpiialnre ac'elxleiie foims wilh watei the erxstalhne 
hydrati O.jIIo Oll/h’ whose dissociation pressnie is as follows • 

Temperahire, (’. .0 7 15 

DisMX'ialion piessme . 5 75 12 O.'ialm 

Aeilxleiw' is nmeh more soluble m oriianie solxmls sneh as melhxl 
and I (In 1 alcohol, i Ihx 1 acetate and acetone, than it is m xxaler. Alcohol 
dissolxis about six limes ils xohime ol aeetxdeiie, and aei lone Iwenly- 
fixa' times ils X oinme at 15 ’(’. and atmosphirie prissine, and .‘>00 I lines 
its xohime nnth i a piessiiie of 12 atmos|>hi iis.'^ Tliist' laets aic 
made use ol foi (in sloia^e of ai'i I vli ne as an illnminant. At - X0"('. 
aei loiK dissolxis 2000 2500 its xohime of acilxleiic, and thereby 
expands to lour or Ine tiims ils oinrinal xohime.'^ 

A solnlioii ol aeitxleiie 111 beii/ene shoxxs a noimal moleeiilar xieii^ht 
er\oseo))i(MlIx .\eel\Ieiie Ibims eix slallme eompoimds with aleolioJ, 
ether, and ae< loin *' Falladmm-blaek and colloidal palladium adsorb 
acel X lene.'- 

Chemical Properties. — In eonimon with many endotherniie eom- 
puniids aeelxli iie is liable to i xjilosixe deeoiiijiosition. 'J'he explosibilil v 

' M< InlDsli, ./ (’fit III , I‘in7, ii, ,'M)l) 

‘ ixiiiiiii ./ /*fii/'<mii ('/if III , lan, 17, ih;}, 

® T/n mini /if nils ) /ip I utfi,\n(/iiniqpn (l)i..F Tuuiho), I'likt', iSlutt^arl), lOOU 

p 2!)3 

^ Hi'i llii'lot and M.itit'iioii, .!»// Vhim /Vn/s , IS93, [vi], 30, ,1.15 
® .Mixtii, Ainn ./ Sii (Sill ), 11)01, |iv|, 12, ,517 
^ \\iiikU'i. Zed'll/! jihifwktd V/tf m , 11)01), 55, :r>2 
’ Villard ('f/iiiiil inul , 1,S9.5, 120, 12(52 
® (’l.MnIc and ('fimpl n mi I '507, 124, (5215 

® (’l.iudr, ('tiiiipt mil/ , isDl) 128, 30 . 3 ; d’Aisonv.'iI, Conipt renri , 11 ) 01 , 133, 080 ; see 
also .laiiics, ./ /ill/ /‘'iiij ( , 1013 . 5, 1 15 

(I.iri'lli and Faliiol.i, AUi It Aioul /jinrci, lOOt, [vj, 13, 1, 115 

Mi'Intosli, J P/iqiiinl ('/ifin . 1007, II, 307 

L’aal and lluhi'ni'ggL'r, Ikr , lOiO, 43, 2(581, 2802; 1013, 46, 128 
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of this pras hiis Ikcii studial by Brrthrlol ^ iii fonjiinclioii with Vn illc * 
and Lc C'liab licr.^ UndiT ordiniirv .ilinosplu iif prcssiiic 
is not cxiilodcd b\ a nd-Iad wiic, or l)\ m(ii*iii\ liilium.di', bill 
towards l^^o ahnosplicn s il la (‘onu s cxplo'.n c, .ind (‘.iil)nii sij)aMl(‘s 
fioni il in l]u‘ Ibiin of line s(»oi It is coiisi (pu nl l\ bu bidden in tins 
and some ollur (‘onniius lo s(oi(‘ a(‘et\l<n(‘ iiiuh r a pnisiire of morn 
than too inelu s of N\aler o\ er alinosplune piessine . il ni.i\. !i()\\e\er, 
be saf(l\ e*.''jpu ss(‘d in eonlael with aei Inne 

I)(r()ni})(i\ilion Al (udin.iry Innjui.dnie aeiKhne niidti^oes \ < rv 
slow sjiont.ineiuis d( eomposilion. R.ipid di eoinpo',il ion ’»i Is in al 7S() 
and in (he jiresiiu'i ol eoj»pi i ja^wdi r, as ii eal.d\s| a I 100 aOO C. 
'J'lie tlu 1 mal d( eoinposil ion ol aeiUluu has been slndi<d b\ Hone and 
Coward/' wlio laid lli.il Hu jainiaix (fhet oflual upon I Ins i,Ms mav lie 
one oi' pol\ nu I isai ion oi dissohilion <i(‘(oidin<^ to h nip< i.il mk PoIv- 
nuris.dion piodiu'i s tai r \ mailt i eoiilamniK b< n/t m . ( le dissolution 
sepambs tlu* nsulius ( (II) wliieli mas splil inlo IIkii iltiinnls or 
beeonie In dioLU nisi d. MildiiiLT nulhaiu* Al the s.nne linii i I In lene 
and ('thane nia\ be ioinu d at low' l< ni|)( lalnies b\ the iniion ol libeiab d 
In dioiri n w il 11 a(‘( I \ !< lu . 

'rill* tdllow'iiiif sell! me npusents tiu' tiuinial (h eomposil ion of 
ae( In leiie : 

( (o) 2C -) 11. 

IK’ Cdl .2( Cfl) ' 

1 i (If) L>{ cm :{ii. 

|H))\ 1)11 1 mil 

'J'lie lend( ne\ otaeilNhiu lopolMiuiise ii aelu s a nia\iniiini lu tw'een 
000 .md 700 C , and ia|iidl\ diminislu > lowaids 1000 C . abo\ e wliieh 
leinpiialine the i,Ms(ons piodiiel consists ol Indioi^tii willi a liKlc 
nu thane. 'I’lie jiiodnels of pol\ nu i isal ion an min (oii'plix. Mi yer 
and 'J'an/( n " lia\ i idi nl ilu d no li w( i t li.in si \ i nl ( i n coal - 1 ai < oust it lu ‘ids 
amoni^sl Hie pNion(n(lu‘ < ondi ns.d uni-piodnels ofaeil\|in( 

.Simliirld, Hu‘ sihnl ilnliie disili.nirc plat innm-blai'k .iiid finely 
dividid iron, iiicki I, and (‘oball pionioU |)ol\ iiiei nal ion, w liu‘b may lake 
place cNin al al niosplu i U‘ It ni|)< lal nn 

Accoidiiii; lo 'i'sehils(‘liib.d)in ' acilNliiu iindiii^ots lliiie principal 
kinds ol 11 a(‘lion in pn si nee of dilh k nl ealab ds 

(i) Lo(‘al d( coniposil ion inloeaibon and Inilroiu n a(‘eonipani( d 
by polMii(‘iisatioii to aiomati(‘ Indioeaiboiis 

(li) (’ondcnsjition to solid In dro(‘aibons , 

(iii) llNdio;;enalion ol aeel\l(n(‘ and .iioinalie In dioearbons, 
NNilh Hu‘ ioriii.ilion of Jndux'arbons ol Hu paiallin. oh fine, 
and cyclu‘ s«ius 

When ac('tylc‘n(‘ and amnioni.i arc passed o\er almnina. b l■Il(‘ oxide, 

' Jii I tin-lot, /I //</ , ISSl, 93, lj|l» 

- Vit-illf. (uifipf Tfni/ , ISJ)7, i2/\, Jatitl ISM'i, 1 ^ 8 , 777 
Lf* Ctiiitflirr, ('iunjil nnl , |S‘I'), 129, Il27 
* Kniiiianii and IvolhiH-i. Znt\ih mi'tni ('hi in , JS'IS, 18, -IS 
® Jionc and Cimaid, Tram C/nm , IMiis, 93 , ijny 
“ Muyer and Tan/en, Brr , 1912, 45 , liiUJ) . 4 ( 5 , 

^ Tschitschdailnn. ./ Wust Tin/ Uhrm .SV , 191.7, 47, 7l).t 
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or chromif okkIc, heated slijrlitly above 300 ° C., pyridine bases result 

thus ; 

-I-NH3 - 11, 

(pMrolc) 

3 C\II, 1 Ml, CJI^N -i II, 

()>:< nlilK' 

iti(“Hi> l-pviuiin<'J 

■l(\n, I Nil, C'sIInN ./ 

.iiK lh\l-‘“tlul-|)vriclino) 

Siilpluir ]u;\y be iiieoipnraU d wilhm llu* moleeiili* b\ I he iis(“ ol' liydioj^en 
sul[)liule or siilpliiir \apour; thus Ihioplune, (\II,S, or ils hoiMoloi^iies 
may bt ju-odiieed. 

Siieh leaehoMs will a<‘eoiml lor tlu* piesuiee of lieleioevehe eom- 
jioiimJ? eoiil.Linmi^ lulioi^eii and s'dplmr amoiiLj the prodiiels of the dry 
(list 1 11. d ion o(‘ nal nial pi 1 1 oleum if 1 lus is di ii \ (‘d from a mineral sonrei'. 

Addilhc lianhons. One moluMili ol ae(‘f\leiu‘ e.m eombine wilh 
2 and with t liNdrotrin aloms or Ihur e(iin\aleid. foimini; respeelivc'ly 
etlnleiie and ethane or then deiiv.divo 

Xasei nt h\dioic< n, or h\dioe;en i(as Ihioiiiih tin e.d.iKlie .iireney 
of ])I.dimim-bIaek or iiiiih divided nieki Id eonveils aeitvliiii* into 
elh>leii(‘ and i thane : 

Cl I 11., ClI. II, CIl-i 

I — II ■ ■ -> I 

I’ll I'llj CIIj. 

« 

Platmnm-blaek Indnees these* r<aelions at atmospherie l(‘niprralnre, 
ethaiK* result iiiif when theie is e\eess of hvdio^i n, t lluhne uIk ii e\(*ess 
ofaeehlene. When iinelv di\ ided nickel is i niploved at ISO C 01 .ibove, 
])olyin( I isalion accompanies .iddilion of ludiouin, and llu* jiroducls 
re.semble natural pet 1 oleum. 

Till' halos^ins combine with acelvlene w'lth deereasni},^ riadmess from 
chloiiiK' to iodine, j'lMnif rise to haloireii derivatives of ethvlene and 
ethane. 

Acetylene eombini s with ehloime, soinelinies with explosive violence, 
forniin;^^ aeifvlene dieliloridi' or diehlon thv k n<‘. (’1 ICI . CIK’l, and 
aeetviene tetiaehloride 01 tel laehlorelhane, CIR'l) CIICI, Aeeordm<T 
to Mounivrat- a mixtuie ot ehloime and aeetviene, when exposed 
to difliised dayhuhl. Ibims aei tylene teliaeliloride wilhonl explosion, 
but the presi'iiee of o.xM'en or of a ^as ('apable of liberatin'^ oxvi^eii 
causes an ixplosion. Aeelvli'iie foims with Sbt’lg the crvsiallmc 
compound C,*!, SbCIj, wliieli on Inatin^ decomposes into Cdh.CI, 
and SbC'l j. (’hav’anne ** st.iles that aeetviene diehloiide consists of 
two isonieiides separable bv fractional distillation, and boilin'^ at 
49 ° C. and <i0 2 ° C. 

With bromine acetylene forms (\]l.,Br., and C,ir.dlr,. with iodine 
C,1I.,1.,. known in two stereoisomerie forms. ^ Aeetviene slowly 
absorbs halo^^eii hvdiacid. IIX, producin»r CII., : ('IIX and ClI.-CllX,; 
and will'll sparked with iiitro;'('H forms IICN. 

‘ Salulii'i and Srnilptens nml , I3i,40; 1902, 134, 1186 

* MouiicMat, Hull S(H chim ^ IS'1 .S|im|, 19, 451 

* ('Imvaniio, Compt nnd , 1912, 154, 7TG 

* Kpiscr, Amer Chem J , 1890, 21, 201 
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’ n C()inbin(‘s Avitli cuprous chloride 

C^Ilj.tull suul (>11^ 2( ii('I. 'rh«’ idirucr 
water, bill IS obliuuid riimi .dKolnIe ale<»holie 
Water eoiubuus with ac(‘l)l(ii(“ undi i Ih, 
loriii iic(,‘t<ild( li\ (1(‘ . 


to form tli(‘ 
Siibslaiiee is 
soliiliou at 0 
mlliieiice ol 
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white solids 
soluble lu 
C’ ' 

ealaKsls to 


^ II : I II I IKU t II ,*C II(). 

1 siil|,|,i,n,. i„,,| nhsi.ihs nr, Is I, the 

n d lyrils^ ■'’Oj". ''liiHi l,y l.s,li„hMs \„|,K .icI.iM.Tndr, 

and also its coiidt nsalam pioduel eiofoii.dch Iisde 

‘icncii .yr.ii, so.ii .•.•cn, ciio -cm.-cii cii ciio : up. 

Mrrcnrir „ll,.r s,,lK air ..Is,, ,11,, .,,,1 ralalvsts 

prodiicimr aldelude lu (ii< eohl “ ’ 

llolarrli/lni, Snhslilnl, ,|. as ,|,sl„„-| („„„ 

(Imsalurs „l a,rl\l, m- ai.' kri.mn. I, a,- (Ci ni 

.1(1(1, (Cl, C II IOOII CI!, ( ||. aMaiiad 1)v 

tlU‘ action ol aleoholie potash on acet\leiie ilibiomide, ClIlh-.C’lIBr 
IS a spoiitaiKoiisU inilaimnabK ojs Moiio-iodo.icf I \ Ii m ('I (’H is 

CI ''(''iV Vrini- '.'I' '"’ii', "<■ "«l'>i'i,-|.i„lic a(’i(I, 

•xVis <'"tl'Np,>ll,lllli!lial<>ir, II |,l,.|,|,.l|(; 

liniMU.M ''"''*' «'0), aial IlafC CUdJ, avc hmi 

Sm.i„.,I,,(.,,| ,|Mo,|„ac.l\|.,„.. CI CI, i„,.„„.| acts 

arclvl.alr n r" ''’ ‘ ■’"‘I'-;'' '• <" <« ’ I' As.Miiin, Itical (li-i.ida. 

.i((td,ii( II, (. nail.imii,!; Im.il.ail (•ail,.,n. ,s s,,i,| |„ |„. r,a„a.(l 

n the aclKiii ,,1 MKhiiiii l,s| „n a, , h Icik-.i Acc,,i,hii.r i„ |{|liz 6 

\( r, llieie IS no lor assnininjr Hjc eMsIme, ol asvui- 

LlJailu.'vi/.'n' Cl ' 


Adw,, „! Atrli/I.iir 0,1 M,lnh--V„u. naasl mckd 

.and (■i>|)|,,.r, and llic ciiidc nmisl yas atl.icks zinc. l,ad. In.iss. mckcl 
I)li()s|ili»i-I)i<>nzi-. .ind c,>|,|„i. C„|,|„r is ail.ickid lanidlv, sliowins 

an increase 111 «, i..dil nl .so U. oo id in six nmnllis. Tlic niodiict 
IS black and uon-i \plosi\ e, and doi s not iri\< ae(l\l(ne with acids In 
consc(incncc nl lliis .,cli„n accUl.iic slioiild nnl I.,. l.i,ai..r|i( in c(adact 
witli copper talus, lad I alas ciais, villi' d slioiild lie linned '> 

Meliilhf ]),iu,ilriiv »/ Auli/I, nc.- -'I'Uv iiroporlmn of carlion to 
h.vdroiidi m ac(hlinc is so lai;;,' Had Ihis livdnaailioi, la liases as a 

leelde acid. II is iiol, li(n\e\er. snnieieiil Iv sed in a, pi, oils solution 

to show an acid n action, its slieiiirlh luinir only aliont I lOOOlh that 
of carbonic acid, and its ionisation 1 10th that ol ^\al.r.’ In cons'e- 
quenee of (Ins propel I v sails of acetylene can lie pr.p.iied in i.rescnce 
or water only when they at,' insohibl,' and may Ihns lx precipitated; 

^ Maiif hot, \Vitli(*i Hint ( )ll itmahtt MMl? ^87 ;!>7 
^ Sf liKri tci, . I /;//#/('( »t, Js'is 303, 111 
® lliilni.mn aii'l KiiinrfutlM i , '/itr MMKK 42, ij-jj 
• Sdlr.inojHl. \/iutilfn. I,S 7.1 178, I Is 
^ \h\\/. thr inn. 46, 14 -} 

“ Kfcklcbcn find Sdicibcr, (%m Znt , 19 ]/), 39, ^2. 

^ lhllit/!nr Zntsih ithijsikal Chan, 1002,40,035 
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()Uu‘r\vis(‘ they will hv hydiolysal by water, anil must be pn'jiiired 
in till* div ^\^ly. Thus ealeiiiui earl)ide, piepared in tlu* dry ^^ay, is 
hs (Irolv sed into base and aeid in the raniihai jiii paralion ol'aeitxlene : 
(’aC^ I CatOll)^ i \(‘\ i iliu less the iiieuasi' in the 

solubility of ae( I \ It M( in wain bn)u«r|il about by the adtlilion of alkali 
may indicate Hit* Ibini.dion til small (juantitus ot s.dls in solution. ‘ 
Alkali and alkaline (‘.nth eaibidis ait* lonncd when aeetyleiK is passed 
into soliihons of Ihe mt'ials in h(|uid ammonia, it’. m(o« ailnlions of 
melal-animoiiinms h* a \a\IIj).- II\ (lro<;( n e.irbidt s are lii^l loimed, 
e.g. (\ll.\a. or moie piobably (‘2\a^ Mu* hlKiahd huluj^a'ii 

conveilmi^ some ot the .ie(‘l\lene into (tlnltne, thus : 

;i(Vl2 |-2XaXIl3_C2\a2 CM, \ L>\(I, i CM,. 

Tilt' Idllow'ini' eompomids ha\e thus been obi. mud : 

C^K.Cyia; C’.Li ; CX'u.CM., l\II,. 

All these eompomids (heompos(‘ wlun heatul, lia\in},' llu' eaibidts 
Ck^Xa^, ^ ^ moll eular eondueli\ il\ oi XalR'^ 

litpiid ammonia is of the s.nnt* older .is IhaL of sodium aeel.de.'* 

Insoluble sil\ii and eu|)ious aeet\ lidt‘s (or ('aibides) C\ and 
CgC’Uo aie pn cipilated w lu n aeelv Jene is led into amnioma(‘al solutions 
of siher and ciipious sidls. 'Pluse eomiioimds iriic of| aei(\'|(>ne 
on tie.dmenl uilh a(‘ids. Iml ate (\plosi\(‘ whtn di\ 'I'lu loinialion 
of oiipioiis act I \ hdt‘, w Inch is d.n k ltd, st i \ i s as a it si Im aeel \ l< in i^jis. 
Tile most stiisiliNf (Miprtuis sohilion ioi Ihis lest is niadi b\ saliiialine 
co])pei siilph.ilt' stiluiion with sodium (‘liloiidt', wainmi':. .ind addin<r 
sodium li\dro<^en sulphili* until the i^ittn colour disappiais. A ft w' 
drops of ammonia mere.ist* ihe seiisilii eness of lhi‘ it.iutid ’ 

M( I curie aetl\lide, is formt'd when act I \ lent' is ji.issed into 

an alk.ihne solution of inercmie o\id(‘, but .ict lUtiu ri.iets wilh an 
aueous solution of meicurie chloride, thus'*; 

0 

li 

(' H -I .•JIK'J. 

1 

qilfit'Dj 

The trichloimt lemic .act laldeln de is a piteipilate which is decom- 
posed by conecnl lalt (1 h\(lrochloric acid into aldth\d( and intKaiiic 
chloride. This naction expl.ims the calahlic action of ineicuric salts 
in brini^inif aliout the conxcision of aci l\lt lu* into jihlehyde. A mixture 
of nia^nesium acctxlide and alhlidt* is formed when magnesium ])owder 
reacts with acetxlenc at 4.50'^ C\^’ 

(hrUlntitni aj Acetylene . — Acetvlene is oxidised to acetic acid when 
it IS iiasscd throii|(h solutions of Jiydroi^en peroxide, persul[)huric acid, 
pcrmoiiosulphuric acid, or .a s;ill of one of these acids in presence of 

^ Iiillit/('(. U» (il 

“ Al(*issmi, Compl If /III , l.sas, 127, 911 

® iSkttssHrcw'.kx, Cut/ij/l /nvl , IDU, 15Q, TO!) 

* blort’iis, Amil Qitim , 1912, lo, 129, nUo 1919, ll, 920 

® K A JlofiM.mn, li-/ 1898, 31 , 2212, 2783; 1904 37 , 44t59 liilt/. .uitl Munun, 
Ber., 1904, 37 , 4417 

• Novak, Jkr , 1909, 42 , 4209. 
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mercury or a nuTcury eoinpoiuuL^ II iniiN also lu* n\i(lis<(l to acetic 
acid clt ci loh tic.ilU “ 

(if Jirtiflrnr. - AcctylciK iii cord.icl witli air at 

l-SO'’ aud lUiiN l)cs('t liic lo liy means of n d-hol cailMHiacc oiis matter. 
It lainis mill a ll.mie \\liieli wluii smlahh niinKitid is wliile and 
mtciise. 'Die ImnmosilN oi .us t \ h nc w Inai hm iil at tin lah ni ciilae 
feet ])( r hoar is i(|n.d to ‘210 e.mdh -powt r, ^^hlll lliat nfeoal-i^as equals 
from 1 1 li%\S eaiidl(‘-po\\i i. In ouh r lo hiiiii aec l\ 1' in \mIIioiiI separa- 
tion ofiMihon speei.d hiiriuis lia\e hi ( n eoiistiiieh d. m which the tjas 
issiKs iiom two I10//K s so in.ide Ih.il an hum s wilh il as in Ihi Rimsen 
])iiiiu! 'l'h(‘ twt» )i Is ol i^.is lliMi implies n|)oii i .leh ol le i ohlujiuly, 
and piodiiee a sm.ill, int( use fl.mie whu ii dm s not smoki 'I’hi li mpe ra- 
tnre ol the aret\l<n(‘ ll.ime is hiirhi r lhan that of eoal-'.Ms, .iiid llic 
tempeialnre of lilt' o\v-a(s l\ leiu' hlowpipt* llame ap])! oMinales to 
that of the ileeliie aie (.‘i,>00 C ). 'I’Ik o\\ aeilslim llanu is used 
for till anioijft nous wi ldni<> of stei 1 <md Ihe eiillmir ol ste< I plah s 

AeetvleiK rcspiin s alioul tm 1\ e linn s its \ oliimt of.m lor eonipli Ic 
comlnislion, and shows .i wider i.mijfe ol i \plosil>ihl n wlun mi\id with 
an lhan an\ olhcr <xas, since mixIuKs eonlamni'^ hehvisn JJ and .S*2 
pel cent, ol .ict I \ 1< lu < \plod(‘ 

'i’h( slow comhnstion of ac(l\Ien(‘ Ims Ixin sliidnd l)\ Rom and 
Andnav.* 'I'lu se ohsiaa ers lind lhat mluaclion hilwiin aeiKlim’and 
o\\ ec n, s( ah d np lo<;( lh( r in a ijiass \ essi I .il almosphi i le li nipt i.dnre, 
1 )( eins al ‘ 2 .) 0 '’ C. pioeisds i.ijiidK al .*101)' (' . and ht conns ( xplosivc 
from JtaO to 37.) ’ C. 'I’hi pioci ss of comhiisl ion of act I s h ne is esst nl lally 
similar to thal of nu'lh.iiH, (lluinc. .md ( tli\ lene, and consists niimaiily 
m lh(' m(‘oi poi.ation of owi^sn williin IIk* niohnih lallnr lii.m Ihe 
])i( f( ii nl lal oxid.d ion ol I il h( » cai hon Ol Indioirin 'I’hi whoh proeess 
is rt |)iesenletl hy the lollowm^r schi im 

C M / C-OII \ CO I II-C:() ll()( :() II()(’:() 

c ii V con / II ' II ' on 

CJCO 1 II d CO I II. CO I II. O (O, ! 11,0 
I ” ‘2 3 I 

Tin stpaialion ol caihon, which oeems m .m .iciUlun Maim, is 
not a pail ol llu- pim-i ss of comhiislion ol this h\ droc .n hoii. hiil is dne 
to I hei nial d( com] losil ion of an i \c( ss ()\ i r t h.il i ( (pm i d 1)\ tin ecpial ion 

c.n, ; o, ‘2CO : II, 

1 lot ptircel.im piomohs the cat. d\ tic lorm.ihon ol act I aldehyde, 
llms ; 

(’ll on . / CII on \ mo 

(II n Veil. / cn, 

whicli ma\ tlnn piodiicc (’II, ' CO 

I’luTC IS no p(»l\ im risiilion lo lun/.ene m Ihe pi< sence ol (»\vircn 
bcIow' the i^mition-pomt. 

‘ F.ul.cnfal.iikin \oirn K Ikivu tV (’o (I'irmh I'.Umt Hu 'il.');, ./ iS'wc t'hem. 
I ml ,11)14 33, S.in 

2 ]hui (Krini’h l*jit(>nt Hi7.77rt), J Sor ('hm I ml I'lU. 33, SKI 

" Clowes, yy .1 JifjMiil, I80G, si-oiiNo l)<l(|iiin> IJuj/ilh Inkf Cumj Ajip Chun, 11)12, 

At -'*■ 

‘ Bone and Andrew, Trans Chun Sur , P)()o 37i 1232 
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Physiological Action of Acetylene.— AcH tylcnc is much less poisonous 
than carl)on monoxide, and <‘\cri Kss ]Musonous tlian coal-Lfas. This is 
because llie compound il forms wilh ha mo'/loliiu is unstable and easily 
decomposid liy .iti.ihon. 

Estimation of Acetylene. Ac( 1\ h iie ma\ be estimated i,na\ mu Iric- 
ally l)y eansuu^ it to leaef with ammom.ieal cuprous solution, eolheluif; 
the precipil.ibd eiipioiis aeil}hde, CoCu^, and eon\<rlmi; this into the 
suljiiiide, CujS, w hieh is wd^died. It lna^ also be ( slim at ed«?^)h line tric- 
allv by tili.ilmff (he mine acid produced m tlu' naction ^ : 

(’.II, ! ;{\^N(), (’,A^r, Ai^XO, f 211X0, ; 

and ^dsomeliieallv l)V absorbmi; it m a solid uui of ammoniaeal silvei 
chloiide,- in which etluh'iie is almost insoluble. 


COAL-OAS 

History.- Coal-^as was lirst described by St<“plun Ilahs in 1720, 
and liisl maimfaeluK d bv Wilh.im Miii’d(»(‘k at Itidiidh, Cornw.ill. in 
1702 In I71KS Muidoelv liLrhhd wilh i^.is Ihe fouiidn of Messrs. Hoiilton 
and ^Vall at Soho, Ihimiiiiih.nn, and m IS02 llu' Peace of Ama ns was 
celebrali'd ))\ an illumm.ilion m tlu' sanu' pKu'e. In ISOO t a Moi'.i\ i.m 
named \\ msoi demonstratul sj.is-hi,ddmu at (he L\eeimi m PieeadilK ; 
in ISOS Murdock hifhlid M<ssis Phillips and Lee's eollon-mill .il M.m- 

* Chester with ^^as : m 1S07 pait of Pall Mali was similarlv hehb d ; m 
the followinj' yiai a iras com|)aii\ was mcoipoiatid m Loialoii. and 
the hi,ditin.i^ of the capital with j^as becanu' lu lal m 1S12, wliilst m 
ISIT) IIk' publication ol Accum’s pKivtuutl Twattscou Has yw_;»//////amark(‘d 
the full < stabhshmenl of tlu* ‘,^•ls industiy. Pans was liist liirhted with 
jras 111 Ihe latl( i \(ai. 

The chemical luxestii^ation of eoal-i^as was earned out l)v Dr. 
William Henry, and Ihe development ol plant is lariri ly due to SanuK'l 
C1<W 

Destructive Distillation of Coal.- The natun' of the ])ioduets of llio 
deslnietive distillation of bituminous coal, m a))s( nci' of air. depends 
largely upon the temperature at which the jiroeess is carried out. 
When such coal is heatid to C. it vields ^^as and oily vapours 

consist iiiLj chully of paiallin hydrocarbons. Ihtwien 700’ and SOO (\ 
the resuhu evolves more i^as consisting chielly of hydrogen. Kurlher 
heatmif of Ihe parallin hv'drocnrbons decomposes Hum into hydroi;en 
iind nietliane. toi,a tlu r with some ethane aiul elhvh ne ; whilst contact 
of these ‘jasi's with Ihe hot letort causes further split tint' off of hydrof^cn 
and condensation of the iiiich i into benzene, toluene, naphthalene, 

* and anthracene, whieli aie contained m the tar. Thus the r.iism^^ of 
the temperature promotes more and inon* dissociation of hydrocarbons, 
the linal result of which would be complete separation into cailion and 
hydro,i,un. 

Some of the nilroLfcn of the coal remains in the cok(‘, some appears 
as ])yri(lme and (pimolme m the tar, the rest as ammonia m ammomacal 
licpior, as hydrocy.nne acid and free nitrogen. 

The oxv«,un of the coal is converted into steam, which condenses 

* ('lu'\a'*toloii, Cotuyt rcml , 1S07, 125, 2^*3 

* Tucker nnd McmkIv, J Anur (.'hem .S'er., lOOJ, 23, 671. 
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with ammonia as ainmoniacal iKjiior or jij)|)(ais as (’O ur CO^; some 
ol liif sulphur Kinaius in llu‘ colvt*, tlu rcsl forms vol.iliK' compounds 
\\luc*h condt'usc m tin* i.u oi apj)car as CS^ oi H ,S souk (j 1 ‘ which 
cfanhiiKs uilhammoiii.i m IIk ammomic.il Ikuioi* .iiid souk' rcm.ims m 
till' Lias 

77 /c Piorcss' of ( 'i’ht* n torls m w Inch I hr coal is Ik al cd 
W(‘rc Ol i^rm.ill\ madi ol non hnl ao uou ol liii-cla*.. \\ Ik ii lioii/oiil.d 
lhc\ ai< lO-sliapcd, ‘JO fl Imi” .md ‘Jl > 10 m m cniss m cl lou, aiul 
hold a chariri of II cut , which lills IIk kIoiI Io IIk diplh ol II m. 
Ihi' uiiiuIm 1 ol n lolls 111 .1 lurnaci m.i\ \ai\ fiom Iwo Io i nrhlcc'ii ; 
th( \ aiclualtd })\ piodius r is, and imi horns d ion lak« ahoiit Iwclvc 
hoiiis, llic hmpiraluii ol IIk kIoiI iisiiiir lo 1100 Ihoiijrli the 

inlLiior ol 111* ch.iiLfc doi s iiol ic.ich Ihis h mp» nil iin . A loii of 
Niwcasllc (oal \ k Ids l*J,.)00 ciihic h 1 1 ol <ras and 110 Ih. of lar, 
which on di^lillaiion h.iM . 77 Ih of pilch, whilsl IIk .immoniacal 
liciuor \ K Ms 7 II). of ammom.i 'fin k la.mmur ( okc is Oa 70 pi r ci nt. 
of I he co.il. 

'I he rclorls ma\ he closed al one (lul oi opi n so as Io admil of 
cliar^rjiia fioni holh ends; souk linns IIkn .ii(“ iiu'liiKd .il an anirl(> of 
*‘10 wilh (he hoM/einhil, so ihal eo.il is mlioduced al lln lop and cokt' 
remo\ ed al IIk holloni Som* linns lln hloils an \iilie,il ,ind an* 
comph l( h lilhd wilh coal, so Ihal lln hoi snilaee lo which (In '^as is 

( \pos( (I IS i( dnc( d lo a mmnnnm (In ipiahl \ o( | h> <ms ni,imlam(‘d 

h\ lln pK Million ol an e\c«ssiM piodnclion ol lai ♦ 

\\ilh lln (‘onlimioiis (mplo\nK‘nl ol caninl .md iielih hiinmmons 
coal lln axailahle supplies of lliesi x.iriilns unidnalh dimmisin'd, 
uiil il, ahoiil INOO. i( hec.mn cnslerniaiv lo < m leli I In* ca inadi Irom (he 
poorer kinds ol coal h\ .nidniix ciihmilled w.ilei-ifas, n. w.ilei-^ras 
conl.iimnir \<‘ipoiised iminial oil, .md .dse) lo mcie.isi lln* \ n Id of ^ras 
at the <\p(nse of illinnin.ilm«r |)ow( i h\ lln* ( niplo\ nn nl ol <i ]iiL(hei' 
Icmpe la I lire of (Ml he >11 is, il ion and lln n lo conijM iis.de h\ oil-e in n linn nl 
Ahont llns Imn lln me.ind(‘S(‘< nl <r.is manlle was inliodiicid, 
and lln lued for lms ol hiuh ilhmnn.dmL* powii ceased ( 'onse epn ntly 
tile addition of ( .n hni< I h d w.ih i '^.is to co.d-Lras has laii;el\ he'cn 
discoutimn ( 1 . and m c.ise s where llns h.is is sIiII enijjleAid il peissesscs 
a])pro\imaleIv the same ilhiimiiatiiiLr power as ih< eoal-'.Ms 

Ptinhn Is of Ihshuvinc DistilUitJon 'I’ln \olalil< pioelnels from Ihe* 
coal pass liejin I In* le loi I Iin a wide pipe, he nl twice .uni h .nhnu \ e rl icallv 
downwaiels lo (in Ittfthauhr mom, wln-ie h\ [Milial eeiohn^f imperfect 
sejiaralloii mlo the Ihiee lollow im^ con>lil neiils hike pi. ice 

(i) inipnie co.il-ir.i-N, 

(ii) ammoniac.il Inpior 
fin) tar. 

'J’hc aiimioniacal liepioi lorms an ai|ene)us layer a))o\e (In* tai, and 
consists of an aepnoiis sohiheni of ammonia. hNeiieiinn ''iilpliiele', and 
carlion dioMele* Fioiii il nn'sl of t he animom.i ol conimeiee is piejiare'd, 
whilst lieim the* tar many iiiipoitani aiiel comple‘\ “coal-l;ir pioducts " 
arc obtained. 

The crude coal-rras still howe\er, contains ammonia, tai, sulphur 
compounds and other siibst.inccs. from which it ts pin died by a senes 
of operations. 
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Purification of CoaLgas. — \Vh(‘ii it leaves tlie hydraulie main the 
f'as has a rature of about 50°-G0'^ C., anti eontains Ix'sules lar the • 

following' impiirilies, winch must be ninoxetl ; 

Anniionia . 0 70 1 40 per cent, by volume. 

Ilvdio^^ Ji exaiiidr . 0 0.3 0 15 

SulphuK tt( d lixdroirt'ii 0*9 - 1*70 

(ai bon disulphide 0 02 0 01 ,, 

i^r 

'rh(‘ ejis IS eool( d by passaije Ihioii^di a senes of veilie.il tubular 
coiidrnsns, wineli may be cooled with water. I hie much of I he reiiiam- 

lar is condensed, ihoiij/h sonu times lhei(‘ is a spt'ci.d f(n-(\i'lKi( for, 
wh(‘re the n mainmir paitielis of this subslane(% uhieli eonslilnte, 
“tai-foir.” are Kuiovid meehameally. The ellieienl exlraelion of 
na])hlhal(ne at tins sfa^a* is \(ry important, 'riie j;as next passes 
throii;,di the wliieli is a jaimp by which thi“ jnessiire and 

conseipient How of Ihe t;as an reijulati'd. Then follow the .sc)uhhns\ 
W'hieh aie lowiis iilhd with broken bii(*ks, coke, oi sl.mlmjLT boards. 
Down these towels water is sprayed to me< t Ihe np-eomin«^^ ^^as and 
remove fiom it Hk* last liaets of ammonia. At the s.ime time some 
sulphuretted hydroi^en and carbon dioxide are lemov't'd and form 
ammonium sulphide and carbonate. Mechanical rotary vvasluis have 
now lari^a ly replaetd lht‘ serubbeis. ()wm^^ hovvevei, to lh(‘ Iroubhi 
of recovering ammonia from diluti* solution, ])roeesses for tlu‘ direct 
labsorplion ot this Ljas by acid, vvitiioul tin* inteinn ili.de I'orm.dion of 
ammom.ieal lapior, are now bemjr mtiodueed. 

pjjf Kiel ion of (\i/(ini(lt' 'I'lie (‘xliaetion of evamde fiom eoal-},^as 
IS a eomparatiyc'lv recent mduslrv rendered im|)orlanl by the demand 
for evamdes in jrold-mimiii', and also by the i(‘Co<fnition ot th(“ corrosive* 
action of hvdroevanic acid on iron and steel. 

Cyanide is extiacted in the form (illid of ferrocyamdc or thio- 
cy^anate by one or ol her of the follow in*^ [irocesses : 

(i) F( rroevanide piocess (Hueb) : Previous to cntcrinj^ the scrublx rs 
for lemoyal of ammonia the ^^as reacts with ie nous sulphate solu- 
tion Ol f( I rolls sulphide suspended in wah'r, ferrocyaimles bein«r 
pioduced as follows : 

IAS -[ (JXn.CN - (MI,).,S +(NIJ,)ilA‘((’N)« 

IAS -I 2\1I,(’X --- (XII,)>S +1A(CX), 

21AS -f GXII^CX - 2(XH,)^S -f 1A‘(MI ,)2Fe(CX)e. 

Sonut lines the j»as ii-acts with alk.di and ferrous c.irbeiualc and 
hydroxnle, hydro.mii suljdude bem^ at the same time absoibeel. 
(lA)uhs jiroci ss). 

(ii) Thiocyan.ite process: 

(«) British Cyanides Co.: The "as passes throne'll ammoniacal 
liepior eonlaimii" suspe iide tl snljihur, whe re-by ammomuni 
polysiilphieU* anel thiocyanate are siieeessiv'ely |)re)dueed; 
the* sulphur m.iy, howiV'er, be di'riv'ed from moist spent 
oxide (Williams) : 

(NllJgS (in gas liquor) + S = (NIl4)2S2. 

{b) P. E. Williams (1900) : 

(Nll4)2S (in crude gas) -f S (in moist .spent oxide) = (NIl4)oS.2 
[(«) and (6)] (NIl4)2S2 -f NII4CN = + NII^CINS. 
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' Removal of Sulphuretted Uinlro^vn.- Siilpluirci led ludio^i'n is 
roniovcil fioni by a dry absorption nulliod. 'I’Ik' .ibsorlu'iit 

nia\ l)(* : (i) linu* , (ii) fiTiio oxide, as Irish or Diileli lioi^ oie. pnei- 
pitnled li\dio\idi‘, or Lii\ ” rioiii b.iii\it(‘ , (m) 111 : 1111 :. iiic'sc dioxide, 
as \V<‘ldoM mud. lAnne oxide is llie mosi <reini.d ahsinlunl, and is 
most :ieli\e when pis eipilah d. Il is jd.ieid on wr»odi n niids eonl.niud 
in a senes of easL-iron boxes ov pu) ifins'. lhroni»h winch I he i;as passes; 
and the loH^wiiiiX rea(‘tions lak(‘ pKu'e : 

iu,()iii,() I ;3ii,s Fe,s, H nij) 
and FcoO., ILO -} .‘JILS - 2Fi‘S }- S | lILO. 

When Uie oxide is “ spcait," il is remo\ed fioin lln pimlu is, inoisleiied, 
and ex'posed lo llie air, so lliat oxidahon lakes pl.iee as follow's 

2Fe,S., -f .•}(), -f ‘IS 

iFtS ' -i ;j()“ IS. 

and thus the “spent <>xid( ’ ixeoines “ n \ i\ ilii'd " 

'I'tie r(‘\ivili((i oxid(‘ is used o\er and o\(‘i ai;ain. whilst sulphur 
acciininlates willnn it until .“>() <i() per ee'iil. is pies<nl II is Iheai 
enipleived feir the niannfacture e)f snlplmiie aeiel. Senne limes a hllle 
air IS aelelod to the* eeial-iyas piewions tei the* al)se>r|)l leni e>f siilplm- 
relleel liydreieren, in oiele r that ox'idation inav prexs e el simnllane einsly. 
In this way the* feirie oxiele* lasts lemirer without reepniine^^ lo bo 
clianj^ed. 

As it le'a\e‘s the pnrilieis tlie* tras shenilel ne)l diseolenn a ship of le‘ad 
acetate pape r wh(*n passeel fen Ihie e minutes tiuouuh a \e sse 1 eonlaminj^ 
it. 'rile* ^Ms will tile'll eenitam iml more than one \ eilimie' eil siilphiire t led 
livdrei^rcii in ten inillieni. 

Removal of i'athon Disulphide.- Caihon disulpluele' lapenii prese'iiL 
in ceial-eras is not absenbeel by oxide* eif non, anel ils ieme)\al, lhe>u^di 
di'Siiable. is not alwaNs eairieel out 'I’lie* ends kneiwn absorbe'iil for 
e.nbon elisulphide is ealeium h\ elieisnljihide', whie'h is pieidiieed from 
slake (1 lime* whe n tlie la t tea is e mplew e el lo le mo\ e sul|)huie I h el h\ elietiren 
freim the' ^^as. 'J’jie' naelienis ma\ be le piese nte el as hilleiws, caleiuni 
thie)car])onate' lieiiii; fennied : 

('a(()II);j -f- 2n,S - ( a(SlI)., -I 211,0 
(a(SlI), -1-CS.r (’a('S, " I II., .S 

C’alcinm thioe'aibe>nale is an ob|e'Ctie)nal)Ii and alnmsl use'll ss by- 
product, and on this account the' pie)ccss is ollen ennilled. 

An allernaliM* process for eliminating caibon disiilphiele ce>nsists 
in passing' the coal-^as at 2;3()' (’ o\er lire'-eJay surfaces’ imj)ii:,male'd 
W’ltli metallic nicke'l. The I’ollowinj' naclieni lakes jilace* with llic 
hydroe^cn of the coal-^as • 

cs, } 21 I 2 aii^SH-C’. 

The hydreiercn sulphide* thus pieieluced is absoibeel by feme oxide, and 
the caibein can be* biiriwd off fioin the* ni(*ke*l surface, which is thus 
renewed for furtlicr nsi* ^ 

After purification the f,uis passes through the inctcr-house te) the 
holders, whence it is disliibutcd to the consumers.* 


t’lowi's ./ Snr ('hfm Ind ^ lOHi, 35, 
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Composition of Coal-gas. — The composilion of coal-fjas varies with 
the kiiul of eoal einpIoN ed :iimI 1h<‘ sort of retort in wliieli il is heated. 
Tile follow inif Injures sue l\|)ieal: 




Oiilni.iiy lliluiiiinoie' Coal ^ 


X\«‘i 


- 


( 'oillpll'^ll KM) 

Him i/iMital 

1 II .il 



llctoils 

111 ‘tin Is 

IIx dro'U'U, per ceid. 

i;{ ()">.)() 

.. 

1. 1 0 .)2 0 

tS 0 .")7 0 . 

MilllMMC 

2.")() ;k")(> 

27 0 IM) 0 

20 0 ;J2 0 

Caibon monoxuh 

i 0 1 1 0 

(» 0-10 0 

0 0 12 0 

Ihis.iliualed hxdioe.iibons 

1 2*.) 0 

0 1 a 

1 2.)- M) 

Ndioiri'n 

20 12 0 

IM) 10 0 

1 2 0 - 0 0 

Carbon dioxide 

0 0 0 

1-5 0 0 

' 1 0 ;} 0 

()\Xi;en 

0 0 - l o 

i 

01- 0 S 

1 

i 0 0 - 0 ;5 


CAUliON AND TIIK HALOGENS 
C Minos lIXLIDKS 

Xmneroiis lialuh's of eaibon arc* lheoreh(‘allv ca|).il)I<‘ of ( Xistence. 
Not oiil\ iiiav siieeissixr h\droir<'n aloms of Hu* nianv livdioeai bons 
be rejilaced l>\ halogen atoms lo foiin siibsl il ul ion (len\ali\<s. eaeii 
serus of winch ( nds m a eaibon lialid( , bid mi\ed haluh di'ii\.di\es 
max also e\isl The foimalion of haloi,u>n dcii\ali\es of nulhant* bv 
snbsl il id ion, \ iz. Ihesiius ol compounds Ct’l ,, 

has ahc<id\ been nolie«*d, as xxell as Ih.d of adddixe* eoni])ounds, siieh 
as (MI ,('0 J>i‘d bx flhxlene and .leilxhne rc spi (*li\ cly. 

The priMid sludx x\ill be Imnbd to haluh s eontaimn^^ a sinirlc 
carbon alom, f.r lo tlu* Ibni eomponnds CE,, Ct’l,, CHr,, (T,. 

• Carbon Tetrafluoride {Tvlutfluoionuthdnc)^ Cl'’, -Ehioiiiu* Is Ihc 
onlx halo<,un lhal will unde readily wdh carbon. Moissan has shoxvn 
lhal in lliioime i^^as pinilied lanijiblaeU becomes meandcseenl, and 
wood -charcoal takes (ire spontaneonslx , bid lhal d is luec'ssary lo 
heal Ihe denser foims of amorphous carbon lo aO' -lOO" ('. to induce 
coinbmalion ; xxhilst j^iaphile and j^as-carboii react xxdh niionne only 
at a i(d heal, and diamond is nnaffeekd at anx lemperaliin*. 

Carbon Ulralhioride resnils fioin Ihe snbsldidion of llnoriiu* for 
hydroi,n n or haloLji n in inelhane or any (d its haloj^i'ii substdution 
p'rodiiels, bid is lusl jnepared by passinc? the xaiioiir of carbon t( tia- 
chloride oxer sdxtr Ihioiidi* healed in a metallic lube to lb")' ‘JOO ’ C. 
(’arbmi lelrallnoride is a j^as at ordinary lcm])eialnres and pri'ssines ; 
it IS luinelud at ('. under four almospheres, aiul at - lo'' C. under 
one almosphere pi’i'ssnre. It is shield ly soluble m water, and x'cry soluble 
in alcohol and ether ; it reacts xvilh the silica of licated i^lass, thus : 

CE, S1O2 = COg - 1 - SiE, 

‘ 'Flip Imun*'. llisi! lellow, and some ollipi iiifoiniatum nthis .soction, aiP deiwcd Irom 
loctuips on ClipiiiMix *111 (Ins VVoi kV’ dpIocMpd l»\ W .1 A Miillptliold Itotoie the 
Inalitule of Chcinistij (laid) * Moissm, (’ompt rend , no, 276 
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Jind with lu'atrd sodiiiiii lomis lliunidc with scpai.Uu)!! of cjirhoii Tl is 
al)s<)rl)((l l)y alcoholic pol.isli, hi'ini' yradii.illv con\(‘ilul iiiloa mivhnv 
of pot.issniin lliioii(l(‘ and carhon.ilc* '■ 

ll is Mol I \\ oi I li\ dial no coiMpl<‘\ u id. II .Cl*’,,, .malifoiis lo II ,Sil'\., 
has lx ( n (1( SCI ih'-d ; and iiwh < d ili.i! caihon U I i.illiioi id.*, like the 
tclracliloi idc. is nn<ici(d on h\ w.ilir. 

Carbon Tetrachloride {'i'tlmi'hhno)iuHninr), C(‘l^. l*n‘ptn{iiK)n . — 
Caihon (c^u'hloridt is Hu linal chloiinahon piodnci of nu Hianc. hut 
it is ^cncrallv pripand h\ Hie aclion of cIiIomim* on c.nhon disulphide 
through Hie calal\ti(‘ nc\ ol a chloiine-caiiK r. 'I'lins Ilofinann'^ 
dissoK ed anliinon\ liiehloiidt' in c.nhon disnlphidi . and passi d dry 
ehlorinc Ihioin/h the sohilaui. Th<‘ tiiehloiKh* hic.inu ptTilachloiidc, 
which llu'ii i('a<‘Ud with the caihon disulphide, Ihns . 

CS^ 1 2ShCl, (’CIj -1- 2ShCl , -h -S- 

Other catal\ sis w Inch ina\ he iinplo\ed aie ehlonih of hioinine,^ 
chloiide of lodiiK phos))horiis pi ntaidiloi uh , ‘ inol\ lull nnin pi nta- 
chloride,'’ and alninininni chloiuh*.'^ 

Caihon let iMch’in ide IS .ilso pii p in d in si \ V ral w.i\ s h\ tin action 
of chloi iiK' on carhon in 1 In i h cl i ic fni nac 

Phifsinil (’arhon leliacliloride is a < mIoiiiIi ss Inpiid 

which smells hUe chloioroini: it do< s not ini\ with w.ilir, Ihoii^h it 
appears to foini an iinstahli Indiate, it dissohes in in.in\ oiifanic 
Inpiids, and is itself a iisi fill solvinl. Tin* piopiitns of inixtnies of 
(tlnl alcohol, caihon l< liachloiiih . and wahi ha\< Inui ixainiind hy 
T. II, Hill llsduisilN .it 0 (’ IS 1 .■>!)l7,"*and at .‘12 a C is 1 .'>()S;U 
its hoihiiLT-point IS 7() (la (\at7(i0inin pKssiin Tin 1 1 it ical ti nipera- 
tnn' is 2.S2al ’ C, and the ciilical pussnn a7 77 atm “ 'rin* spcialic 
Inal of Inpnd (‘arhon !< 1 ia(‘hloi ide uses horn 0 2010 at 0 C\to0 2().‘H 
at 70 (' ; that ol tin \apo'ii l.ills iioin 0 110 at 0 C to Olla at 
70" Solid caihon li liMchha ide is 1 1 imoi jihoiK,’”' I In nn ll ma-jx»inls 

of Hie three iinxlilications lx in^ 2S 0 C. 2.‘> 77 C, 21*2’ C. 
The depn'ssion constant. wInn c.imphoi oi (thvi hiii/oate is list'd as 
solute, is foimtl to In 17 or IS 

ilu'inunl Piujuthr'^. Winn tin \apom of caihon 1 1 1 1 achloi idt' n 
])assed thioiiah a led-hot tiiln chloinu is split oil .iinl tin (‘ompoimds 
CoCIj and C/'l,, iisiilt Ciom thelaltii compound. In x.ichlon thane, 
tl ichloi act 1 1C acnl is foimed h\ .npnons h\ilit>l\sis m tin prt senct' of 

* Molss.Ul, ///"/. I SMI I, no, ‘Til 

- lldtm.inn, / ('fum .s»; , iStil, 14, n.* 

Mnlli’i .11x1 ('iiim[i , ( I" 'll \iii'^, l.siiii ■',‘,6, I")l WiIhm. Hfill Sm rliim , 1S()7, 
[11], 7i t'''’ Mori'l ('niiiji' /#('/, |s77 8^, I itii* 

' Knnli 1 and SjK.i. ////// s J/o/' , lS7J, 1 11 1 17, '>.'*7 

^ I’iillikc, Tfihii Jdiii''" Is7n |) 77 ' Xii'IiIh nil I!-' |s,ii q, I 7 sS 

" JlcnKf Ix'l, ./ innlt ('/niu Is77 |ii| 36, KK* Mhiiium nil . /.’"// n i/i>ni, ISLIS, 
[ill], 19, “JliJ Iticli.iii / I'I’iiiii ifinii , IMIIS. j\i|, 28, 111) 

•* M II li.iUUi- and Lxmi, / .S"i ( /n m I wf I'hH 22, I -’ms , M m li.iKl.c, ( /,, m Zi nti , 

loot. I, loot), Mach lUl »■ and I) 1 1 liii'dnii, ./ f'li>iii //-d , I'liiii. 25, d.iM , Mallliewfl 

nntl |) iiliMirtfin, ib'il l‘)nri, 25, ■7.7‘) M.ou.dd ifml , l'Mi7, 26, IJ7> 

« Hill. ( hill' Sn, , i'll,’ loi, Jl(.7 

Tlioipi’, f'liiii Sim , I 'isii ^7, 111 

.Tosopli, I'lniit ('him Sm . ri|,'i 107, I 
Moll-, \wil Fii (piim , 1‘IIJ 10, ■;') 

” H.anna\, I'ror Jim/ Sim |ssi), 30, IS'{ lss_ 33, 'HO ^ 

** MilU .and .Mai'tJao, ./ I’hif'iiiftl (’him , l‘)| I is, 7t 
Tarnmann. \\ ml Anmilni, ISOS, 66, t-SM 
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siinlijrht, and tins is rcdiurd ])y iiasct iit hydrofffii lo acetic acid. Since 
carl)on Ictraclilondc c.in he ohl.inud (loni its eleniiMils 1)} way of carbon 
disnl[)liide, tills coinponnd marks a stai^e in the synthesis of acetic acid. 

('h('inieall\ , caihon t( tra(‘hloiid( is liie chloride of the h\ pothetical 
ortlioe.il home acid, ('(Oil),, just as tiu* analo^^ons silicon com|>oiind is 
till' chloiidi- of oillio^iheic acid, Si(()n)4. Alth(.ni,di carbon Iclia- 
chloi'Kh', unlike th( silicon halide and acid chloride's in ^^eneial, is not 
attacked b\ waler at atmospluiic teinpcratiire, this halid^is capable 
of some Kaclions which re\eal its relation to carbonic acid. When 
heated with o\\ <fe‘n and water iindeT piessnrc at ('. it M( Ids 

phos^rene ;;.is, C'OCL, and carbon dio\ide, CO^, and a similai chan<,^c 
IS liron^dit about b\ ciitam acidic oxides,’ : . 

ilH'c 1, -f- p.,()5 nx’b, -f CO, b 2P(X'i3 
.;u(i, I 2P..O5 - .‘K’O., -I -IPOCI., 

CCl , -{- , - COCb, -I- S.,Or.Cl,. 

When heated with alcoholic peitash carbon le trae'tileiriele is cean- 
pleteh h\etiol\ se el, yielelme,^ caibeinatc and chloride, thus: 

CCl, -I OKOII K.COg + UxCI + .3ir,0. 

It rt'acls with acelNlene*, with libeudieai of finely diMeled caibon, thus : 
CCl, -{-‘JCoIIj - .iC -[ IIICl. 

Its \apoiir reaelilv e-hloi mate's \ ai leiiis oxide's, anel may on this ace'oimt 
be used in mineral analysis. - 

Carbon Tetrabromide {Tvliahtomoiudhaitc), CRr, Caibein tetra- 
breimiele is prejiaieel simil.nK to the chloride by the ae'tiein of bie)mine' 
on caibem disnlphiele', loeline' be'inj^ m this case the- haletir, h-imi 1 k i*. \ 

mixture^ of 12 paits of c.iibon bisulphide', II p.nts e>i bieimiiu', anel 
3 ])arts of leieline* is heateel in a seale'd tube* lor fen l\ -e i^'ht hoiiis at 
250" (' , anel the' jiroeliict ehstilled when colei with seKliuin h\elro\ielc 
solutieai. Carliein te lialireimide' is a se>hel. <mel er\slallises from ale'e)he)i 
in while*, j^lisUnintf l<ibl<ls ha\ m,‘4 an ethereal smell : it h.is a elensily 
of J3'I2, melts at 02 .“i ' (’., anel beiils nneler alnmsplu iic pressure' with 
partial eleceimpejsil ie)n at ISOs'!)’ C., whilsl nnde'r .■>() min. pressure- the 
boihn^^-poinl is 101 " C. 

Soliel caibeai ie Irabreimidc exists m two cnantiolre)pic forms, the 
transiliein teinpe laliire' between whie-h is IG"- tT® C."* 

Carbon Tetraiodide(7V//e/me/e^///e//ee///c), CI4. — This ceanpeinnel le soils 
from the’ inleTchanixe e)f e*hlejiinc anel leieline* when e*aibem te'trae'lileaielc 
rt'ae'ls with alnminnim •* en* liewon '• leiehde*. It may be’ pre jiaicel by 
drop})iny a seihitiein of the tclrachleirielc in e*aibe>n bisiiljiliiele' ein te^ 
aluminnim leielielc at O’ C. : 

3CC1, -I- bMIn =- k'MCb, -I- SCI.,. 

Lante’neiis ’ jm-jiare s this ceimpeiuiiel by he'atme; hlhiiim leielielc with 
cxccss of carbon te trachleiriele- in a \ae*uum in a scaled tube at 00" -02° C. 

^ (Ju.slav.son, , IH72, p 216 

^ Cniiibouli\e''«, Cotnitt. lemL, 1010, 150, IT.I, 221 

^ Molees anel (tiove's, I'raiiji Chon Sor , 1.S70, 23, 154, 161 , 1S71, 24, 773. 

* Se-liw.art/' lte)u/e‘boom, PhnsenUhrr 1001. i, 127 Kothnniiid, Zeituch phi/sihal 
Cheni . l.SOO, 29, 664 

^ (iiistio sem, Conipf icvfl , 1K74, 78, 882 

• Menssaii, Compi. rtnd , 1801, I13, 19. 


Lantcnois, Compi. rend , 1913, 156 , 1385. 
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,for five days. The best solvents for carbon tetraiodide arc benzene, 
acetone, and earl)()n disulpliide. It crystallises iii dark red, regular 
octahedra, having a density of 4'*32. When e\|)Osi'd to air it bc'gins to 
decompose, puMliieingeaibon dioxideand iodine ; it has no na II mg-point, 
but from .jO' (\ onwards d(‘eompos(‘s into its elenunls. t'.irhon letra- 
iodide Is allaek(‘d by Indrogeii al 100’ t’ , llu‘ eliit f piodiiet being 
iodoform; aleoholie polassimn hvdrovide at 30'-10’(' also produces 
iodoform. *)\\g«n foims carlionyl lodidt* with hheialioii ol loduu'eveu 
in th(“ dark. C’arbou letraiodale is estim.ited by means of ils reaction 
with 20 per cent, silver lutrali* solution, carbon iiionoxule and dioxide 
being cNolveil in tht* proportion of 3 to 1 by vohmu .* 

( AHIIOX OXYIIAIdDlOS 

Just as I he carbon tel lahalides, CX,, ma\ be ngarded as llie halides 
— or the halanhydridis of oiihoeaibome aenl, ('(OH),, so tiu' o\y- 
hahdes, COX^ an* the halidis of nu tacaibome atad, ('()(()II)^. 

Carbon Oxychloride (f Vo Aamy/ ( 'Jilotidr, Pho^oofe), C'Ot’l j. 'I'he name 
phosgi ne was given to this g.is by .1. l).i\v,“ w'ho iii 1811 ol)s( r\'ed its 
generation by th(‘ action of light upon a mixture m e(pial volumes of 
carbon monoxide and chlorine. Tins pluaiomenon is analogous to 
that of the union of livdiogiai and ehloiiiu' uialer lh(‘ mlhumee of 
light ; the union of e.ubon monoxide and ehloiiiK' lias, however, this 
advanlag<‘, that it is ais'ompauK'd by a diminution of v oliiuK* at (‘onslant 
pressuie, or of piessiiie al eonstant volume; eons{‘(|Ui idly the course 
of tile reaction can be eonveiiieidlv traced. 

It was observed liy Ihinsen and Hoseot* * that whin a mixture of 
hydrogen and ehloriiK' is e-xposed to light the amoiinl «)f hvdrogen 
chloiide produced per unit tmi(‘ increase's for a eeit.un peiiod. after 
vvhie'h the rate* of eombmation be-eonie s piopen tional le) the amount t)f 
gas reiihuning uneombined; and to the* action duiiiig this piehmmary 
pe'i’iod thes( Ob'.) rv<rs g.iv'e- the' name' jihedeielie'imcal inelue*l lem.’’ 

l)v sein anel Ilaiele'ii ' obseive'el a similar phe‘ne)me'non with (‘ailion 
nieineixielc and chlen-ine. aiiel allriinde'el it to the* spe edie* ae*lieni of light 
on eliloiine. and (’liapnian and (h'c came' le* a smul.ir eeineliision, 
though the* inte'rpre'lalieMi the'V gave* of the ineluetieni pioee-ss is epiite 
dd'fcre'id freim that of Ihuise'ii anel Ileiseeie. These obse ive rs have found 
that small epiaid il le's e)f ml i le oxide*, ei/.one', and ml loge n ehloi ide' inhibit 
the pholeielie'inie’al .let leni, t.r e-xle-ndthe ])e*iioel e)fsO'ealied “induction,” 
during which this act mu is slow, and almost ('id irely preve-nt it. 
Thus the'V attribute' photeiehe'inieal action to the use* chlorine' can 
make* e)f abseiibeel anel lransfe)rme'd light energy te) e'ffe'cL union 
with carbon inoimxieie or hydioge*n, b(*fore sueli ene rgy is degrade'd to 
the form eif meffeetive* he'.it. The inhibiting action of extraiu'ous gases 
is then due to the hastening of the proce ss of energy degradation, and 
' the eonseeiiient loss of elheie ney by the chlorine. 

Carbonyl chloride is best jirepare'd by passing its eonstituc'nt gases 
separately into a large glass balloon exposed to sunlight, and thenco 

* Laiiti'iKJis, ('oinf)t lend , 156, 162‘J 

» Daw, Phil T/ani, 181*2,111. 

* lliinsc'n and Iloscoo. Phil Trnni , 1857, .'J.'l.'i 

* Dyson and llarelcn, Tram. Chan Soc . 190.1, 83, 201 ; soe* alse^ Wilde’nn.imi, Zeilseh. 
phystkal. Chem., 190.3, 42, 2.’>9. 

, * Chapman and Geo, Trane. Chem Sor , 1911, 99, 172() 
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oligh (k second balloon similarly exposed^ The chlorine. shotili bell 
je’jsxcess, and may afterwards be absorbed by means of metallic antimony ; 
^whilst tli(‘ earbonj'l chloride may be iJiirified by liquefaction in a freezing 
^.mixture. Carbon monoxide and elilorme may also be made to combim 
through tlie mflueucc of electric sparks, animal ehareoal, or spongj 
platinum. 

Carboii\l ehl(uid(‘ resulls from the action of aeidic oxides such a: 
P2O5 and SO^ or llgS^O^ upon carbon tetrachloride.^ Siit’vhur trioxidt 
reacts at 100° C., jiliosiihoric oxide at 200° (’. 


CCl, + 2S()3 = COCl, + S.(),Cl2 
2CCI4 1 \ 0 , = COCI2 -f 2POCI3 + CO2. 


Carbonyl chloride may idso be prepared by the oxidation of chloroform bj 
chromic acid, when 20 parts of chloroform, 400 of suljihiiric acid, and 5( 
of potassium diehromatc are heated together on the w'ater-bath ^ : 

2CIICI3 + KaOaO, + tllgSO^ == 

2 COCI 2 + K 2 SO 4 + Cr2(S04)3 -f 511^0 + 


Another iiKthod of formation of eaiboii}! chloride, which takes place 
in the electric furnace, is re[)resented by the following equation : 

2CaO H- 2Caa2 + IOC = 4CaC2 + 2C()C’l2.^ 

Physical Pioptilies. — Carbonyl chloride is a colourless gas w'ith f 
pungent taste and suffocating snu‘ll. Its density under normal condi- 
tions IS .'5‘505 (theory reepiires 3* H08). It is easily condensed to a liquid 
having a density ^ of 1- 132 at 0° C., and boiling at 8-2° C. under 75C mm 
pressure; the solid® melts at — 118° C. The heat of formation frorr 
amorphous caiboii at eonslant pressure |C,(),C.'l2| is, according t( 
Thomsen,® K) calories, and from diamond 1- 1,100 calori(‘s (IhTt helot’) 
The gas dissolves in water and alcohol, undergoing decomposition. 

Chemical Properties. — ^'Fhe dissociation of eaiboiiyl chloride according 
to the reaelion (XK'lg CO + Clg has been studied by llodeiisteii 
ftndDurrant,® w’ho passed the gas or an cquimolecular mixture of carboi 
monoxide and chlorine through a heated tube, and analysed the issuing 
gas. Thus they found the follow'ing percentages decomposi'd at tin 
given leni[)eraturcs ; 

Temperature ° C. . 503 S-W 003 800 

Per cent, decomposed . 67 80 91 100 

Thence they calculated the heat of formation of carbonyl chloridi 
from carbon monoxide and chlorine to be cdiouL 23,000 calorics, whcrca 
Ilcrthelot* obtained the value 18,800 calorics, and Thomsen 2G,14( 
calories. According toCochn and llcckcr the dissociation cqnilibriun 
of carbonyl chloride is affected by ultraviolet light. 


’ fiiiHtavson, Her., 1872 5 , ,S0. 

• 1*][iini('r]ing and Lcngycl, Bcr.^ 18C9, 2 , 547 ; Anmlen, 18G9, SuppUf 7 , 106 
■’ Mic'lialsKr, Zeilsch. angcw Chem., 1906, 19 , 1775 

• Michalakc, thtd 

• lOrdmann, AinuAen, 1908, 362 , 148. 

« Thomson, 7*/., 1889, 16 , 2619. 

’ Bertlielofc, Chtm. Phys., 1879, [v], 17 , 129. 

• Bodenstcin an<l' Durrant, Ztttsch. phystkal Chem., 1908, (^i, 437. 

• Borthelot, Ann Chm. Phys , 1879, [v], 17 , 129 
Cuohu and Becker, Bcr., 1910, 43 , 130 



‘ " jgarbon Am.Trg compounds-. 9 ? 

Carbonyl chloride is the chloride of carbonic acid, and ns such 
- reacts with water thus : 

^ c()('i,-|-n,o^ II. (’()., +211(1 

the cjn-honie aeid then dteoinposinj' into earbou diovide and water. 

* With ammonia theie is piodnced earbamide oi nrea. 


.. (oci, -h iNii, rcHMi,,), -}- L>\ji,(i 
and W’lth hydrogen snlphuh' eaibony] sulphide, Llius : 


COCI, -1 1I,S- C0Sd-2lI('l, 

. whilst alcohol yields ehloroearbomc and eaibomc esters ■ 

C()( and C()(()CMI0«. 

0(111, “ ^ 


Ciitain metals when healisl in carbonyl i‘hIorid(‘ form chlorides, 
libiiaLinjr ((), e.ff. : ((Klg + Zn - ZnCjg h CO; and mniKToiis 
oxides aie converted into chlorides when healed in a slit .ini of carbonyl 
chloride.! Mineral sulphides are also convTrLcd into cliloridts by the 


reaction : 


MS I- C()(‘l, ^ MCI, + ('()S.“ 

Natural phosphat(‘s and sihc.ites also yield chlorides when lieated with 
carbonvl chloride vajiour 

Carbonyl cliloride is i mplo\(‘d m lhi‘ maniifaclure of ei rtaiii synthetic 
dve-stuffs, r ii. it reacts withdmiethylanihne in the juesenee of aluminium 
chloride to iorni tetrametiiv Idiamidobcii/opli<‘none : 


COCl, -( 


IKVI,N(CiI,), 


NviiNit'ii,), 


I ‘.MICl. 


Carbon Oxybromide {Ccnhonj/l Ihomidr), COJlr,. -Carbon ow- 
bromide is obtained in an impure condition by the interact ion oi phos- 
phorus or boron tribromale and caib.m oxv eliloiide, and also iii small 
quantities by tiie union ol carbon monoxide and bromine m pn sence of 
aliiimmum bionude, or under the mtluence of tlie sileiil (Ueliic dis- 
char^re. The rate of combination of the dry /rases is yei \ slow ; probably 
no reaction would take iilace between them in the complde absi nee (if 
W'ater.** Carbon oxybromide is best obtained’^' by slowlv dioppiim 
concentrated sulphuric acid into carbon tetrabromi(*Ie healed to idiout 
100° C., and redistilhn«r the product after contact witli metallic antimony : 

CUr^ + Il 2 S(J 4 = COHrg + 2lIBr + SO.,. 


Carbon oxybromide is a colourless, iimbilc, fuming Iicpiid of density 12-45 
at 15° C. It boils at 01.°- 65° C. with slight decomposilion ; it is more 
stable towards water than carbonyl chloride ; like the latter, it reacts 
with dimethyl aniline to form dye-stuffs. 


’ Chauvenot, Comp rtnd , 1911, 152, 87 

* Ohauvonci, ibid, 1911, 152, llJoO 

* Barlot and ("hauvenot, Comjit rend . 157 I153 

* Piva, Gazzella, 1915, 45, 1, 215) 

* Bartal, Annalen, 190G, 345, 334. 
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CARBON AND ITS ALtIfeS ' 


CAUHOX AND THE OXYGEN GROUP 
OXIDES OF CAHDON 

Tlie two irnporlsmi oxides of carbon, carlion monoxide, CO, and 
carbon dioxidt, COg, were for many years the only known oxides. In 
1873 lli<‘ oxide CjOj was obtained by Rrodie ^ by subjecting carbon 
monoxide* to |)rolong(“d eh'ctric discharges ; and in 1877 Berthclot * 
produced CgO jby liealmg Brodie’s oxide to 30()°-t00"C. In 1906 Diels 
and Wolf® obtained CjjOg, a substance which has aroused much interest. 
Mellitie anhydride is CigO/ ; an unsuccessful attempt has been made 
to prepare* diearbon dioxide,® CO : CO. 

Carbon Suboxide, C-jO^. — Carbon suboxide is among the ))rodiicts 
of the (listillalion of eth\l malonate at 300° C. and a pressure of V2 mm. 
over a large excess of jihosphoric oxide. Other malonie esters and the 
esters of related acids, as well as malonic acid itself,® can similarly be 
made to yield the suboxuh* b\ a reaction which is essentially 

ClI ,(C0011)., = C 3 O 2 + tillgO. 

The suboxide is freed from elluleiK* and carbon dioxide, formed at 
the same time, by allowing the distillate, coiuh nsiil by lupiid air, to 
boil at almos])heric tempi raturc ; the* residiii* is thi n \aporjsi‘d, and 
collected at -- 60° C. Carbon suboxide is also formed hy tin* interaction 
of malonyl chloride with silver, lead, or zinc oxide, thus : 

Cir^lCOC’l)^ 4- Ag^o = C3O2 + 2AgCl + II^O. 

Silver oxalate or malonate may be enijiloyed in jilaee of the oxide.’ 
Carbon suboxide is a colourless, mobile, refractive liipiid haMiig an 
odour which resembles that of acraldehydc and must aid oil, and is 
poisonous. It boils at 7° C. under 761 mm. ])ressure, and its vapour 
density corresponds to the formula It burns with a bright blue 

smoky llame, ]m)duemg carbon dioxide accoiding to the leaclion: 
^ 3^2 + 2 O 2 3 CO 2 . The iKpiid oxid(* slowly changes at atmosjihcric 

temperature into a dark red solid of ajiju-oximali’ly the same composition, 
whose acpieous solution is eosm-red. This change, which is partly one 
of decom])osili<)n, is rajad at 37° C. and instantaneous at 100 ° C. The 
oxide combines with water to form malomc acid, and with hydrogen 
chloride, ammonia, and aniline to form malonyl chloride, malonamide, 
and malonanihde respectively. Its discovtrers therefore regarded it 
as the second anhvdiuh* of malonic acid, thus : 

^COOH ^CO ^CO 

cjij ^cir^ 

\c'OOH \co \' 0 . 

^ Br()<lif‘, Annalen, 1873, 169, 270. 

* llorthelot, .In/i. Chetn. Phys , 1877, [v], 10, 72. 

Diols and Wolf, Ber., lOOU, 39, 080 

* Meyer and Sterner, Ber., 1013, 46, 813 

® Staudin^er and Anthes, Ber., 1013, 46, 1426 
Diels and Mcyerhcim, Ber , 1907, 40, lifli). 

’ iStaudingcr and St. Bereza, Ber., 1008, 41, 4461. 
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Michael ^ considers the oxide to be the laetone of jS-hydroxy- 


propnolic acid, and thus to have the constitution (' V() ; Imt this 

view is not acceptable to Dii'K and M(‘verh(‘iin,“ ^\h^) .•i<llieri‘ to the 
“ dioxoallene ” formula, ():(!:(':(':(); and l)i< ls and Lalin ' have 
shown that ihe suboxide beliaves as a ketiaie, mir ^\ilh foinue acid 


ITOOCs. A'OOII 

the additive compound : /C : C : C ^ 

110/ OIL 

llerthi‘]ot * claimed that Ihc term “eailiou snlioxide ” is properly 
ap])hed to the compounds dis<*over(‘d ])r(‘\ muslv bv linMlii' and iumsclf, 
and therelore cannot Ic'^itunalely Ixj us<*d lor tlu* (“ompound t' 302 . 


CARBON MOXOXTDB 
(Cm home o.ndr) 

Formula, (!0 

Occurrence.-- Carbon luonoMde is found anuiULjst tin* jfases evolved 
from aeU\e volcanoes, and oeeurs in small qiianlilv m some muierals, 
and in duimantirerous earlh al Kinib(Tl(‘v.® Tins n.is is also iiresi'ut in 
coal-<ras to tliij extent of (j-1‘2 jxt e(‘nt , and is fornxd simultaneously 
with carbon dioxide m the combustion of carbon,® as well as by the 
reduction of the latter ^as when it passes over led-hot iMibon : 

FOa -!- C = 2 CO. 

Hence carbon monoxide is formed 111 a eok(‘ lire, on the top of whiclC 
it burns w'llli a ])ale ilamt* ; and it is jnxxluced in various melallurf^ical 
operations in which coal or coke is used as fuel, as, for inslanee, in the 
blast -furnace. It is an iinix)rtant eonstitui nt of water-j^as, made 
by passing steam over caibon at 1000° C. : 

C l- 11,0 = CO -1 II 2 ; 

and of producer ^^as formed by passing air, to<retli(T sometimes w’lth 
steam, throuf^h red-hot earbonaeeoiis material. Carbon monoxide is 
an intermediate ])r(xluet, also, in the emubuslion of hydniearbons, and 
is found in the intereonal ^ases of the Ihinseii llame. 

History.— Carbon monoxide, or carbonic oxidix as it is sometimes 
rather erroneously called, was diseov’cred 111 1770 bv I.assone,’ who 
obtained it during the reduction of zinc oxide by cliareoal. On account 
of the blue llame with which it burns, this f»as was at lirst mistaken for 
hydrogen, and its pnxluetion was cited by Priestley in supjiort of that 
Version of the phlogiston theory which sup]X)S('d that nx'lallic calces 
contain water, and that inilammable air, i,e. hydrogi n, is jililogistieatcd 

1 Michael, Ber., 1906, 39, I9ir> 

“ Diels and Meyerheiiii, Bn , 1907, 40, 355 

® Diels and Lalin, /#»’/ , 1 90S, 41, aiJO 

* Berthelot, CompI tend ^ 1906, 142, 533 

® Ramsay and Tiaveis, J^ror. Boif Sor , IS97, 60, 442 

• Khood and WheeltT, Tram ('hnn 6'oc., 1912, loi, 831, 816. 

’ Lassone, Mim. Barts Acad., 1776. 



In 1800 Cruikshank showed that when the biirn$ it product 
Iho water, but an equal volume of carbon dioxide ; and in 1802 Clement 
’:.imd Dcsorincs confirmed Criiikshank’s observation, and also showed 
that the same gas is produced ^^ilen carl)on dioxide is passed over 
red-hot eliareoal. In his AVre Si/stem of Chemical Philosophy ( 1808 ) 
'.Dalton siiowed that “ earhonie oxide is a Innary comjiound consisting 
. of one atom of cliarcoal and one of oxygen . . and that “ carbomc 
acid is a ternary compound . . . consisting of one atom ol'^chai coal and 
two of oxyg(‘u.” Tims the nature and eonniosition of carbon monoxide 
‘ were delimlely eslablishetl. 

Preparation. — The methods axailable for the iniparation of carbon 
*monoMd(‘ fall into four categories : 

A. Partial oxidation of carbon. 

11. Parlial reduction of carbon dioxide. 

C. Dehydration of formic acid and its derivatives or of otlnr oxy- 

aeids. 

D. Elect rolyt 1C decomtiosition of a suitable ox}acid. 

A. Carbon is o\idis(‘d to (“arbon monoxide when (xciss of it is 
heated with zme o\id(\ feme oxuh*, manganese dioxidi', or other 
reducible oxide. The reactions aie, how'eser, of little importance 
for the preparation of thi* gas. 

n. Carbon dioxide may be ridiiced to carbon monoxidi' in \aiioiis 
W'ays 

(1) lU red-hot carbon. 

It IS well known that red-hot charcoal r( duces caibon dioxide 
according to the reaction : 

(T)^ + C - 2C(). 


'^riiat the reaction is ii‘\ersible. carbon monoxide dissociating at high 
temperature mlo caibon and caibon dioxide, w'as shown in ISfit by 
Dcville.^ The matter was fiiithcr investigated by Sir Lothian Dcll,^ 
in 18(50, who showed that finely divided metals jiiomole the decom- 
-position of carbon monoxide ; and by Houdouard,^ in 1002, who employed 
iron> nickel, and cobalt as catalysts, and showed that the cijuihbrium 
ratio CO : C’Oj is a function of temperature, the reaction beginning at 
about 000 ’ C\“ 

The effect of temperature on the C(piihbriuni npresented by the 
abo\e equation has been studied by Itliead and Wheeler,^ who have 
obtaintd the results given in the table on the opposite page. 

The equation of equilibrium for the reaction is 


10,500 , , Cl* , 

1 ^2 

where T is absolute temperature, r, and c.^ arc mohcular concentrations 
of carbon monoxide and dioxide respecti\ ely, and k is a constant, the. 
mean value for which is 20-:30, the gases being left approximately at 
atmospheric tenijicrature, w'hen equilibrium is attained. Tlie effect of ; 
pressure on the eipiilibriiim has also been studied by llhead and Wheeler.® 


’ iJcvillf Coinpt ivml j 181)4, 59» 873, ISIW, 6o, 317. 

* Boll. J Chem. Soc , 1809, 22, 203 

* BoiiiUMiaid, .1 m«. Chnn. riiyt , 1901, [vn], 24 , 5. 

* llhead and ^\ heeler, Tran,<t. Chenu <SV , 1910, 97 , 2181. 

* lihead and Wheeler, t 6 td., 1911, 99 , 1140 
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Gtiutii'r ^ h:is shouii ihul (Mrhon n)()M()\ul(‘ ls not iippn cuiUy disso^ 
cialcd into caihon di<i\id(‘ .ind (miIxmi al t}u‘ na llm<,^-j»oinl of lava 
(rjaO” (' ), and IlirKfon* in.u i\isl in the pviosphi u* of I In* c.irlli. 

(2) Metallic /me may also he imploNtul to rednci' caihon dioxide 
to the mono\id(‘. Tims earhon monoxide is fornu'd uhen /me Jilings 
arc lie.iled ^Mtli chalk or mauiasiU*. 

(( a,M<r)(’(), -I Zn = (i\yh^)0 + f (’(), 

and likewise* >\hen earhon dioxide is passed o\er zme ilnst he ated just 
short of reelness m a glass tnhe*. 

C'.irhem dioxide mav also he re‘dnee‘d hv me ans of hydiou(‘n snl[>hidc * 
thus : 

COj. 4- IlgS I-Ilp+S, 

or hv le'aelmg (he vapeiiir ol earhon disiilphiele* with earhon elioxide; over 
red-hot eeipper*^: 

eSg |-(’()^ -I- K’li ‘iCiiaS I 2('(). 

C. The elehydration eif feirmie aeul re pre’se nted hy the* resaelion 

iicooii (Oh iIjjO 

may be carrie-d out hy heating the aeael or a snilalile salt such as 
sodium feirmate- ^^lth eeineenlr.ile el snlphmie acid, whe n pure* carbon 
monoxide* gas is e\e)I\ed. 

('lilorolbmi, hromofea’iii and lodofeinn, being derivative s of ortho- 
formic acid, mav alsei he maele lei yn Id (*arhon monoxiele hy suitable' 
means, tlie course of the reaction be ing re*j)re‘se‘nte*el thus : 

C IIX3-> CIl(OIl)3-v CO -I- ‘ill^O. 

According to Dc'sgie*/,* ehleiroforni yields cailion meinoxiele when treated 
with cold aqueous potash solution, thus : 

CIICl., -f 3KOII = 3KCI 1 2II3O t- CO, 

,thc reaction being accclcratcel by light. Hroniolorm is de-coinposcd 
more slowly in this way, and ieideiform not at all. 

^ Gautier, Compt rnul , 1910, 150, 1383. 

' Kohler, Her., 1883, ii, 2 (m 
" Eilvart, Chem Slh"-, 188r>, 52, 183 * 

* Desgic/, Conijtt rcjut , 1S97, 125, 780. 
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- Silver nitrate, however, aids the decomposition of iodoform on 
account of tlie formation of insoluble silver iodide, thus * : 

CIII 3 + SAffNOj + lIjO = 3 ArI + SIINO, CO. 

* ^ Ilydrocvanic acid, or fornmintrilc, yalds carbon niono\ido by 
the reactions : 

IICN -f my) -> IICOOTI + NH3 -> CO + + NIIj- 

Thus potassium cyanide yields carbon monoxide when heated with 
conccnl rated siilpliiiric acid; but it is usual to prepan* this i^as by 
heating finely powdered ])otassium ferrocyanide, Kil\‘(CN")„.3ll20, w’lth 
^pght to ten times its weight of concentrated sulphuric acid, the w'atcr 
m the aeid and in the salt being siifiicient for the leaclion : 

K,Fe((:N)„ + (UI.,S ()4 + fill./) = 

2K,S(), + FeS()4 + .'5{Nn4),S04 + C(U 

Ollier carboxylic acids besides formic acid, such as tarlane and 
citric acids, \ k Id caibon inonoxidt* among lh(‘ products of their decom- 
position l)\ means of sulphuric acid; and oxalic acid \ lelds carbon 
monoxide and carbon (lioxid(‘ m e(|ual \olumes, thus : 

cooir rooii co + co.^ + up. 

, It is therelbie eoiivenicnt to prepare carbon monoxidi* by luating 
oxalic acid with eoiiciMilialed sulphuric acid, and absoibmg I Ik* eaibon 
dioxide liv ])assing the gaseous mixture through a solution oi caustic 
alkah. 

J3y an analogous reaction oxalates when heatid yield carbon 
monoxide, leaMiig a residue of carbonate, as, e.g. : 

C aC‘/)., ---- ( aCOg + (’(). 

D. Carbon monox'ide is produced by the* electrolv sis of malonic 
acid, which according to Petersen^ undergo(‘s tin* following change's : 

-f- 

I. cno(C()()ii)2 ---=cii.,(C()())2 + 11 ., 

II. ciycoo)^ + II , 0 = cn;(C()()ii)., + 0 “ 

III. ( 11 ,(COO)2 = C1I.“ + 2C()2. 

The nascent eixygem tlieai oxiehse's me‘thyle*ne (Cllg) tlius : 

Clio -f 20 = CO + II/). 

Physical Properties of Carbon Monoxide. — Carbein moiioxiele is a 
coloiirh'ss gas without taste eir smedl, which is \erv' poisonous. Its 
density (air -- 1) is ()-9fi7()2 (Le dnc 3) or 0 9G71fi (lla‘\leigh *). 'Po the 
latter density tlie nieilecnlar Aveight 27*9989 ce)iTes|)onels, whilst C’O 
requires M.W. =28 002; lhe*re‘forc at atmospheric pressure* carbon 
monoxieic is jiractically an idexal gas. The meilecnlar we'ight of CO 
:is the same as that of nitreigen (Ng = 28*02) ; and in e'oneleiisiliility 
"and other physie-al jireiporties the* two gase's closely re*semble each e)the*r. 

The ee)e*fiieie*nt of expansion of carbon monoxide at atmospheric 
pressure* is 0 0030007,® which is that for an leh'al gas. 

' Sonbenraucli, Zettsrh Nahr Oenuism , 18!)R, S, 7.‘17 
® TVtcrson, Zntsrh. pki/siknl Chem., 1000, 33 , (i{)9 
’ Comjif rend, 1S{)2, 115 , 1072. 

* If'iiih, Froc. Roy. Roc , 1 S97, 62, 204 
‘ Rcgndult, Pogg Annahn, 1842, 57 , 118. 
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Nattcrer^ determined the diminishing comprcssil)iUty of the gas at •’ 
high pressures. Compn'ssihihty is exjiressed by file ratio where 

Po = 1 iitinospliere. Some of the values obtained are given in the 
following fable. 
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C’jirbon nionoMde was Iiqin lied b\ (ailK'lel - m 1 S 77 , and by , 
Wroblew’ski and OK/i wsIvi in IS.s;{, who eoohd (he gas lo l.'hr C. in 
bfiihng ethvlene and eompi(ss<‘d if lo l.'jO af inosplii k s. If forms a 
colourless li(|uid which boils at - (' (\\ robh'wski ’) lU* -- IfXr C. 

(Ols/ewski under I afm. pnssnn. and foiins a snowhke solid at 
-- 2 I 1 "C (Cailh'li I )or — ll)h C (WiobUwski). 'I’la eril leal li niperaf lire 
and pressiin* of eaibon mono\id(“, logether wilh the eonslanfs a and b 
for \.in der Waals’ ((|ualion. are: 


Critical T( m|). ‘ 

" ; 

CiitK al 
1‘o‘ssnio 

a 

! . 

1 


- 1 Ml ' 

.‘kHOalm. 1 

1 0 0027.) 

0 OOIOS.'J 

\\'roblenski 

— l-TJ’.”) 

O.Va 

1 

! 0 002s.) 

1 

0 00172:1 

()ls/,ew'ski 


The enlieal densilv of eaibon monoxide is O.’JllO. 

The (Unsifies ol hqniil e.nbon monoxKl" al differ<‘nl lemperatiircs 
have been delermiiml bv IJalv and Donnaii.'^ 'I’ln v are ( xpressed by 
the foi inula . 

d ()-8.5.“iS - 0 0()t2 (T - (iS). T = abs. feinp. 


The speeilie heal of carbon monoxide belweeii O’) ('. and 2.0” l\ is 0 2P2.5,® 
and the rafio is approximately I’M),'’ the value for a diatomic gas. 


' Nattercr, Pugq Amuihn, 18r».5, 94, l.% 

® raillotel, Compt nnd , 1 S 77 , 85, Sl-i 

® Wroldcwski and OIs/i*wski, ('offipl }finl , ISS’J, 96, J I In, IJJO 

* Wroldow-ki, Cowpt rnnl , I. SSI, 98, MS’) 

® Ols/owski, Compt trml j IS.SI, 98, 7n(» 

* Cardoso, .'IrrA Sii p/iifs wn) , IDl-), (i\ f, 39, Kl'l 

’ Balv (uid Donnan, Tian'* Chrm Stir , 1SM12, 81, !)1.’J. 

* Wiedemann, Pogq Annnhn, lS 7 li, 157, 1 

® Wullncr. Wicd Annnlen^ 1 .S 7 S, N F, 4, .‘Ul , (’.i/in. Ann (.'him , 18012 , (inj, 56, 206 ; 
JiCduc, Compt tend, 1898 , 127, O.V.) Sco als<i School and Heuw Sit.nntjshcr K Akad. 
BerUth 1913 , 44 . 





3^ neat of combustioh (C0,0) is 68,200 ISalbries; and the heats 'bf ' 
I^Wination arc as follow : - 

’ (C) ainorph. + (O) = CO + 29,000 calorics,^ 

. (C) diamond -f (O) = CO -f 20,100 calorics.^ 

Carbon monoxide is very slijrhtly soluble in water; its solubility 
?&t different temperatures is ri'presented by the followm^r eciuation “ : 
c = 0 0;327.St - 0 0080091./ + 0 000015872 t\ . 


tits solubility in other solv(‘nts has been investiprated by Just,^ Skirrow,® 
'and Christ off.® 

Chemical Properties of Carbon Monoxide. — Carbon monoxide is an 
^ unsaturatod compound which unites with oxy^iai, either Tree or com- 
bined, to form carbon dioxide ; and also with various oUkt substances 
under suitable conditions. 

Union of Cat bon Monoxide with ()x!/gcn.- -CiiYhon monoxide can 
reduce compounds coulainmji oxy^uai not only at liiffh temperature, 
as in metallur<ry,’ but also m some cases at low temperatures. 

For example, silv^er o\id(‘ and yellow mercuric oxide oxidise carbon 
, monoxide at atmospheric tianperature,® as ucll as perman^^mic acid® 
'and ammoniaoal silvir lulrale; whilst chromic acid reacts simihirly 
at 100° C., and orvstallised iodic anhydride at 90° C., beiiifr thereby 
reduced to lodiiu'.^'* 

The react loM b(‘tween carbon monoxidi* and gaseous oxygiai, i.e. 
the process of combust lou of carbon monoxide, has bec'U the subject 
of much investigation. 

^ Combmation of those gases can be brought about by passing the 
mixed gases over moist phosphorus.^i Probably hydrogen ])croxide or 
» ozone jilays a part in the reaction ; and either of these substances has 
the power of oxidising carbon monoxide in presence of palladium.^-* In 
presence of a heated palladium wire the union of carbon monoxide with 
oxygen is complete at 800° C.’® Combination bi'twccn the two gases idso 
•takes place gradually under the inllucneeof thesili'iit elcrtnc diseharg(‘.^^ 
s > The mlluence of temperature upon the degree of coinbmalioii betwi'cn 
carbon monoxide and oxygen has been studied by Ileher,^® who ohlained 
' the following results : 

Temperature ° C. 195 802 408 500 500 000 089 855 

^ Per cent, combination 0*13 0’41'^ 3’03 0‘2 Ik IS 21*14 1.0*3S 05*0 

^ Thomson, Thermorhcmifsche Vntcrsucliunqcn(J)r J Tiaiibo), l']nk(‘, (Ktuttif.-ut), 1906, 
'V> 195. 

« llorthclot, Ann Chim. Vhys., 1878, [v], 13 , 14; 1880, 20 , 200, 1881, 23 , 177 ; Bor- 
' thelot and J\Iatii?non, Ann Chim. Phifs , 1893, [vi], 30 , 555 
i > Hennch, Zeitach. ph/<tikal Chem , 1892, 9 , 43.5. 

* Just, Zcitftch. phyaiknl Cliem , 1901, 37 , .342 

* Skiirow, Zeitsch phyaikal Chem., 1902, 41 , 139. 

*' * • Chnstoll, Zeitach. phifsdal. Chem., 1906, 55 , 022 

* Vide Charpy, Compt. rend,, 1909, 148 , 500. 
j. * Colson, Compt renA.^ 1901, 132 , 407. 

k'' '• Just and Knuko, ZeiUch, phy^daJ Chern , 191.3, 82 , 71. 

Si.' w Niclou\, Compt. rend , 1898, 126 , 740; G.iutior, Compt rend., 1S98, 126 , 793, 931 ; 
rhillips, Zeitach. anmg Chem , 1891, 6 , 213. 
f “ Leeds, Brr., 1879, 12 , 1830 , Bauinajin, Her , 1884, 17 , 283 
V Traubc. Ber., 1882, 15 , 2854 ; 1883, 16 , 123. 

1 * Richardt, Zcitsch. anorg Chem., 11K)1, 38 , 69. 

»« Mixtor, Amer. J. Set. ( 81 ILI, 1897, [iv], 4 , 61 ; A. de Heniptinne, Zeitsch. phyaikal 
V( 7 A<m.. 1903, 46 , 18. r - = 0 , 

% -M Heher, Ann. Chim. Phya., 1897, [vii], 10 , 621 



■ 'CARBON AND m’‘COMBOtfNDS-: 
fi^ircs are of relative value bnly, as true equilibrium vraS 
attained. The kiiu'ties of the reaelion betwot'ii tliesc two gases at 
570° C. has Ix'tn studud by who found that the onhr iii which 

th('V were inlrorhiced into tlie n'aetioii vessel in presence of moisture, 
and whether or not earbon dioxidt* was originally jiresent, had much 
influence on I he \cl()eit\ of the reaction, llodi'iisttin and Ohlmer* 
have obser\ ed that the u aetion is catalylieally aeeileiaU'd by (piartz- 
glass. 

The inihienee of moisture in promoting th(‘ eombmalion of these 
two gases IS not(‘\\orlhy. A mixtnn* of dried carbon monoxide and 
oxygen is not (‘Xjiloded l)v a spark,* though a mixture of (h(‘ moist gases 
is so exploded. If a diied mixture is contained in a long lube into 
OIK* (“ud of which a hith* nioistme is intiodiieed, tin* moist ined mixture 
will explode, but the ll.inie dies out as it reaches the diied gases. ■* Dried 
carbon monoxide and oxvgeii will unite in tin* path of an eh etrie spark ® j 
the react Kill, how'exer, is re\ersil)h*, and a limit, is ie.ieh(‘d when the 
rates of eoinlnnation and decomposition au* equal 'I'lu* dried gases 
also eombine, without (xplosion oi llaiiK*, whi n in eoiilaet with n hot' 
platinum wire.'^ 

It IS char Irom the above stat<mi‘nts that whilst the presence of' 
W'ater is not always ntetssaiv to the union of caibon monoxide and 
oxygc'ii, its pies(*nee gu. illv taeihl.iles the* eomhiistion of (he former, 
gas. 'fhns carbon monoxidi* hums in moist air with a pah* bine fl.imei 
hut such a flame is c \l iiiLuiislu'd when it is pliingisl into drv air.** 

Not. only WMh*r-vapoiii itsdf, but otli* r substance's capable of 
forming water- vapour bv eombiislion, such as livdiogen, ludrogen 
siilpliid(* and hvdroeaibons, promote the eombiistion of earbon inon- 
o\id(* ; and eontiiiiud adihtion of water-\aj)onr to a mixture of earbon 
monoxide and oxygen aeeehiates 1h(* velocity of (‘Xjilosion until about 
4*5 per cent, lias been adih d ® 

Various explanations of Ibis eatahlic action of water-vapour have> 
been given. According to Armstrong”* the tw’ogasis, which are inert 
in the jnire stale, reipiiix* “the formation of a condiieting system in, 
which eleelrohsis can oe(*nr," or, according to a laLi'i* exposition, 
oxidation tak(s jihiei* “ in a cireml comi)OS(*d of the oxidisable sub- 
stance, condiieting water and oxygen.” Briefly, Armstrong’s view 
may be n'presenled by the following sehi me : 

0 1I.,() I C’O OH, , OCO 

1 ' •> I 

O H.,() (’() Olla I (H’O 

in which Uk* elements of watei .ippcar to he jiartitioned hi twTcn oxygen- 
and carbon monoxidi. Against this view is tin* fact that w'hen dpy’i^ 

1 Kuhl, Znf^(h j)hi/vl.(d (’In in, 1903, 44, .‘IS.! 

2 Bodenstom amt Ohliin’i, '/.nl-^rh phipiLfd ('him , lOO.'}, 53, lliO 

a li I lit'poH, iSSd, .')03 

* Divon, (’hrm yfn">, ISSJ, 46, l.ll 

* L Mever, y*r, 1880, 19, 1009, l^ekrtelT, Hull \utd. Pdroqrad, 2 , 175 

® JJixon and Tnni't ('him Sor 188.'). 47 , 'iTI 

^ Dixon !in<l IiO\vc. dnd 

8 Traulio, lUr, 1885, 18 , 1890 

* Dixon, Phil Trans , 1893, A, 184 , 111 

Armstrong, Proc, Jioy Hoc , 1880, 40, 287 ; Trann Cham Soc , 1880, 49, 112 ; Prwi- 
dential Adibess, Trana. Chem A’oe, 189.5. ^ 

M Armstrong, Trana. Chem. Soc , 1903, 83 , 1088. 
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..c^^anogen is exploded with excess* of oxygen or burnt in a Smithells 
^S^arator, whilst the final products are carbon dioxide and nitrogen, 

. carbon monoxide is lornied as an iiilcrmcdiatc product, and subsequently 
burns to carbon dioxide in the eonijdete absence of water-vapour. 

Trail be * has put forward the theory that the water molecules yield 
^ their oxygen to carbon inonoxidi* at the same time that the r(‘maining 
hydrogen appropriates a moleeule of oxvgt‘u to form hydrogen peroxide, 
thus : 

I. CO + Olio + 02 = CO2 + II2O2 
II. CO d O0II2 = CO2 + Ollg. 

Carbon monoxide is, how'ever, directly oxidisi'd by steam at high, 
1 temperaturi* ; and Menddeeff,^ who aecepti'd Traube’s theory w’lth 
regard to hydvogiai pi roxkh*, consequently gave the follow’ing (‘(jiiations, 
which illustrate his beliet that reaehons between equal v'olumcs of gases 
precede all others : 

I. CO + OIL, = CO, + II2 
II. Oo -} iio = ojr,. 

HI co -i oji^ = (()/_poiJo. 

Traube’s theoiy of the formal ion of hjdrogin iieroxide is, however, 
denied by Wieland,^ who supports Armstrong's views. 

Dixon,-* who has leva wed the various theoru's which have Ixm 
advaneed to aeeonnt lor the inertness of dry carbon monoxide m presence 
of dry oxvgen, advances the sugg<‘slion that the dissociation of carbon 
dioxide at Ihe tein|)eialure at w'hieh carbon monoxide and oxygen would 
combine aeeonnls for llu* non-ap|)iaranee of the fornuT gas; but that 
in the presene<‘ of steam carbon monoxide is oxidised thereby, the 
liberateil hydroge n recombining with oxygen to form steam, which is 
stable at the tiMiiperature of the combustion, Ihus : 


2 C 0 + 201 12 

2II2 +O2 


- 2(02 + 2H2 

= 211 ./). 


It cannot be said, however, that lh(‘ function of water- vapour in 
promoting the combuslion of carbon monoxide has been delinitely 
established. 

It mav be mi-ntioned that according to Gautier ® interaction between 
qarbon monoxide and water-va])our takes place at 1 20()°-l 250° C. The 
reactions of carbon moiicmde with hydrogen, water- vapour, and iron 
and its oxidis have been studied by Gautier and Clausmann, and 
their bearing iqion \oleame and geological phenomena and the origin 
of pctrol(‘um has been discussed, 

: Addition Ft odnets of Cm bon Monoxide. — Besides uniting with oxygen, 
carbon monoxidi*, as an unsaturated compound, forms addition products 
with a number of oilier substanei's. The fact that this gas combines 
with chlorine under the influenci; of light to form carbonyl chloride 
[q.V* p. 97), but not with bromine or iodine, has already been noticed. 

» Traubi', Bn . 1HS3, 16, J23, 1885, 18, 1890 
y ■ Mendf'liV'IT, Primiph/t of ntnmftrif, 2nd Enj; edn , 1905, vol. i, p. 312. 

, ■ Wiolaiid, Bcr , 1912, 45, 079 
^ • Dixon, Trans dhem Sw’ , 1890, 69, 774 
' * Gautior, Compt 1900, 142, 1.382 

'•Gautier, Compt. tend. 1910, 150, 1564; Gautior and Clausmann, Comnt. rejid . 
1010, 151 , 16, 355. ^ 



CARBON AND ITS COMPOUNDS " m 

Combination with sulphur vapour to form carbmiyl sulphide, COS, 
takes place at a red licat ; hydropfcn combines wiili carbon monoxide 
to j)rodiice formaldehyde under the in/lia nee of lh(‘ sihiit electric 
discharge, l)ut by Iht* help ol a e.ilaKsl sneh as nu l.iilie nielvid reduces 
this ^as to methane.^ Allvali formal (‘ is ])iodnced by the absorption 
of carbon monoxide by heaUd eanstic alkali 2; 

CO f KOll ^ JICOOK, 

and also by the action of the j^as on alkali h\(lrid(‘, carbon being 
separated thus: ,c-() + KU 1K„(,K + (■ 

By the interaetion of hmc and earbon nionoxid.' bclwecii ;k)0° C. 
and 400^ C. considerable (pianlities of methane. elli\lt‘M( . and hydrogen 
are formed by the following reactions'*: 

‘2CO I Cci(()ll)2 (11(1)0) ,C.i (COOjCi I IL; 

2(lICOO)2Ca I- CaO JlCaCO, CII, . 

KIICOO)/ a H- 2CaO OCaCO.. j-CJl, j L»II, 

Carbon nionoxidi* also reacts with sodium me(lio\i(le and its homo- 
logues at KiO’ C. lo ]>rodnee the sodium s.dt of the eoi lespondmg car- 
boxjhc atul^— ^ ni 30 Na ^ CII,, COONa. 

(Jne of the most mi[)ortant additue ri act ions of earbon monoxide, 
smee it is used in the \ oluinetric i stim.il ion ol tins gas, is il s eoinbi nation 
with cuprous elilonde. Th(‘ eondilions of tins naelion h.ive been 
studied by Manchot and Friend,'* who find tlial the lalio ('u:('0 deter- 
mines the inaximum limit of absorption the eompoiiiid CiiCl.CO.UlIaO, 
which crystallises in eolourhss h alli-ts, being lornud in all eases. 

The absorption of carbon monoxide bv a li\ dioehlorie aeid solution 
of cuprous elilonde meriases with deen‘asmg eoneent rat ion of hydrogen 
chloiide, with loweiing of tiaiiper.dun . willi increasing eonei'Iitration 
of cuprous chloride, and inenasmg pnssme of c.irbon monoxide. 

Ammonia, aniliiK*, < tc , ma\ t.ike tin* plae<‘ ol waU r in lln* compound 
(^iC'I.C0.2l I2O ; otherw ISC wati 1 is lU'dssarN. An al<‘oliolie suspension 
of eupious chloride, for example, dots not absoib eaibon monoxide. 
Cuprous hydroxide does not combine with eaibon monoxide, but in 
presence of sodium hydroxide is ndiu’id llniebv to eoppei. 

A number of iiiten sting s\ntluses can bi* brought .d)oul by sub- 
mitting earbon monoxide mixed wilh \arious other gas< s and xajiours 
to the inlluenee of the sihait cleetrie discharge ** . 

C(J -I JIaO - llCOOl I (formic acid) 

CO 11*» ■— I1C(.)1I (formaJdi h\ de) 

CO -I- CII^ = CH,COIt (acetaldehyde) 

CO H 1I2S = neon d- s 

I-ICOn + IlgS = nesn (lliioformalihhyde) + ILO 
CO + IlCl - ncoci (lormyl chloiidc) " 

CO + Nila - IICO\n2(fonnami(h). 

' 8 arreau and Vicillo, Compt rend , 1XS7, 105 , 1 JJ.l. 

* Bcrthelot, Ann Ch%m Phys , IHriO, liii], 46 , 477, 100 ( 1 . [\n|, 21 , 205 

® Viunon, JiuU. S(tr rhtm , 1011, [iv], 9 , IS 

* Wohler, Annahn, 18()0, 113 , 358, Lcrdi, Annalenf 1802, 20, IJorthelot, BvU. . 

Soc. chim.j 1800, jii|, 5 , 1 

® Manchot and Fncnd, Annahn, lOOS, 359 , 100. Sou alsij vol. 11 (this series) unddf^ 
‘•Cuprous Salts.” , - 

* Losanitsch and Jovitschitsch, Bcr , 1807, 30 , 13o ' ‘ 
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^t-i/Kobrding to Kj^hlmann,^ howev^, 'aOiirfQniitiii cyanide is 


latinum-black : 


^byt Jackson and Norlhall-Lannc* - lind that aininonniin cyanalc’, wliich 
ijSives rise lo urea, is lornitd tlnis : 

§ ! CO + 2N 1 1 3 - OCN-NH 4 + 1 1 J. 

^ Ultra-violet rays also cause conibinations between carbon monoxide 
other ^^ases.^ 

^ When carbon monoxide itself is submilted to prolon^red electric 
Sdischarges one or more suboxides of earl>oii are produced (se(> p. 100). * 

>. Compounds of Cenhon Monoj'idc ivith Meials. — MetaUiv Cathoin/ls . — 
/Jn his Tresidential Address belore the Clumieal Section of tlu* llrilish 
..•Association in ISOO J)r. LudAMtj Mond described a carbide of nickel 
: ^hich he had observed to be formed on some nickd valves; and this 
I, observation led to the discovery m 1890 of a volatile compound of 
nickel and carbon monoxide: nickel carbonyl, Ni(CO) 4 , whose foiiua- 
tion and decomposition has proved of grc'at ])raetical \alue in the 
‘metallur‘'y of nickel.^ The follovMng carboiiNls are known to exist‘d: 

i'V(CO)5, •|Fc,(CO),l„. ll’V(CO)4|», 

; [Mo(CO)6]n |Ku(CO)j)„; and they wall be de.seribed under the corre- 
sponding metals. Their constitution is still a matter of eonjeclure. 

A potassium carbonyl, Kg(('0)Q, which is (‘xplosivt‘, and was formed 
• in the old llrunner jirocess for the manufacture of polassinm by heating 
■'potassium carbonate with caibon, is jirobably the jiolassium cieri\ati\e 
’ of hexahydroxybenzene. 

Physiological Action of Carbon Monoxide.- - Carbon monoxide* gas 
■ is very poisonous to man and animals. As early as 17l() I he jioisonous 
•nature of the fumes arising from burning charcoal was reeognisc'd liy 
F. Iloffmann.^ Many deaths haNc been c.uised by bixathmg the gas 
'arising from imjierfeetly burnt charcoid, or air mixed with coal-gas. 

The poisonous action of carbon monoxide is generally sujiposed to 
be due to the tormation with the hicnu>globin or ri‘d coiouring-matler 
.of the blood of a compound, caiboxyhicmoglobin, which is much 
more stable than the compound oxyhirmoglobiii which oxygen forms. 
Thus the activity of the blood as an oxygen-earner is seriously or fatally 
"inhibited. The absorption coellieient of blood for carbon monoxide 
•is 0*022.’ 131ood becomes more piiqile by the absorption of carbon 
“.monoxide, and when diluted forty times shows an absorption spi'ctriim 
:,<:pntaining tw'o bands betwTcn the D and E liiu's, which much resembles 
'i.tnat of oxygenated blood. The spectrum of the latter is, however, 
^odified by the reducing action of ammonium sulphide or ammoniacal 
gi^rrotartratc, whilst that of blood contaniing carbon monoxide remains 
iirftjchangcd for several days after the addition of a reducing agent. 
;The spectroscopic estimation of carbon monoxide in blood has been 

Kuhlmaiin, Annnlcn, 1841, 38 , 62. 

♦ * Jackson and Northall-Laune, Trans. Chem. Soc , 1905, 87 , 433. 

• D Bertliclot and Gaudcchon, Comj^ rend., 1913, 157 , 129. * 

‘ *.Mond, Trans. Chem. Soc , 1890, 57 , 749. 

■ * Mond, Uert^. and Cgwap, Trans. Chem. Soc., 1910, 97 , 798. 
i.?' * Hoffmann, Considerations on the Fatal Effects of the Vapour from Burning Charcoal, 

’ Hufner, Arch. exp. Pathol. Pkarmak , 1902, 48 , 87. 
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^afiorated by Hartridge.^ According to Giocoso,® the theory tKati: 
carbon monoxide poisons by replacing oxylurmoglobin- by carboxy-r 
hscmoglolnn can no longer bo maintained. (\iil)on inonoxide appears 
to have lU) efleet n])on the germinal ion ol‘ seeds or (he ael ion of 1\ i na nts,^ 
though it ntards tlie eatahtie ael ion of liiu Iv dnidid plalmiini.* 
Detection and Estimation of Carbon Monoxide. Caihon inoiioxidO 
may be deUcli'd by its reducing aelion on nw lallie sail scihilions, the 
most sciiMtivc of A\hieh is jialladioiis clihnidi*. The gas eonlaining 
carbon monoxide is passed through a dilute solution of jialladioiis 
chloride, when metallic palladiuiu is precipitated according to the 
reaction : 

. PdCU f- C O + II^O - 2IICI + 00, -I- IM.-’ 


The reaction with blood serves foi the dileetion of 0 25 per cent. of. 
carbon monoxide m air.® 

Caihon monoxide is generally jslnnated by llu* loss of volume 
consequent upon its absorption in an ammoniaejil or li\ droeliloric acid . 
solution of eiijirous ehloiide. 

'riu‘ g.is may also be estimated by eonilnist ion, (H‘ t)\ oMdatioii by.';' 
iodine ]H‘nl()\idV at 150” (\, followed hv iilralion of IIk earhon dioxide' 
after ahsoiption m baryta \\at( r. This method, which is din* to (iautier," 
lias liecai elaborated by 1a \ \ 

'Phe (piantitv of eaibon monoxide* in a mixliiie of this gas with 
ludrogen and nulhane may be* <1( li'immoel by fr.ie*lional e*ombustion 
wlien the* mixture* is passid ox e i [jall.ielmm-aslx stos at a rate* not CX- 
cceehng 1 htr<‘ pel lionr. ttu* carbon monoxidi' aloia lx ing oxidised; 
aiiel whe*n a smiil.ir mixture is t>{i'''’eel over eopprr oxiele at 250® C. the' 
me'lhanc is also iinalfecle*d.® 


r\HIK)N DIOXIOK 

(Cathonic Auhijdi idc. Cafhonic Acid Has) 

Formula (’O,. Molecular we ight — U. 

History. — Carbon ehovide was lirst reeogniseel tiy van Ilclinoiit,' 
early in the se‘\ e*nternlh e*enLnry, as a gas whieli dilh nd in properties 
froin air. Tins eliemisl sliowiel that tlie gas is prodiieid l\\ ae*ting on 
lime*sLe)ne and potashes with acnls. In the burning ol e-oal, and by the 
f(*rnuntat ion of wiia* and beer; that it is e-ontaiiud in the stomachy 
ill mineral wat(*i's, anel in (,*ave*s sne'h as the* (»rotto elcl C aiie, near Naples ; 
and that it peissesses suffeioating jiropeities and extinguishes a flame. 
The name* gee.s .sj/hr.slic was given by van Jlehnoiit to eaibon elieixide, 
because the gas ap])eared to be* uneiondensible (syh cstris = wild). ' 
The first seientilie in\ esligatieai e)f eaibon dioxiele wa^ miulc by Black 
in 1755, who m his “ Kxpcriments upon Magncsia-alba, Quicklime, 
and other Alkaline Substances ” ® show'cd that this substance is present 

' rior lioij. Sor , null, B, 86, 128. 

" (iHK’osf), AtU It Afcnd Toiuio, 1001, 39, 421. 

* Sontri, ('hem , 190.3, 5i» 991 

* Hioclifs, A norganis’'?ir Ftnmintf’, tjoip/ife, 190J, p 58. 

6 Winkler, Zat/tcb anal Chem., 1889, 28, 275 

* Vogel, her f 1878, Zl, 285. 

’ Jjcvy, J. Sue. Cheni. Iwl.^ 1911, 30, 14.37.^ 

* NeflinjelofT, Zeil^eh, anal Chem., J909, 4^1 232. 

« Black, K(hn. thijn and Lderaty Essays, 1755. 
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^ in a combined state in calcium and magnesium carbonates, whence it 
^.^ttay be driven by heat or acids. On account «)f its presence in solid 
carbonates lil.iek named this gas filed air. Hergmann,^ who in 1774 
pubhslied an aeeomit of eaihon dioxide, called it acid oj air because 
of its pusenee in lht‘ ahiiosph( r<‘ , Seheele and Priesiley sliowi'd that 
in the huining oI a eamlle lixed air look the jilaee of dephlogislieated 
air; and Laxoisai, in 177.3 (I, established the chemical nature and 
composition of tla* gas by showing that it is jirodueed wluai mer- 
curic oxule is heated with carbon ; whilst Dalton, in ISOIJ, showed 
that “ earboMie acid ” contains twice as imich oxygen eomluiied 
with tile same (piantity of carbon as “ carbonic oxide " does, 
and lliat these two gases furnish an (“xainple of the law' of multijile 
proportions. 

Atmospheric and Terrestrial Carbon Dioxide.- -In the (‘arly agi's 
of the t arlh’s g< ological hislorv the distribution of carbon dioxah* w'as 
quite diffc rent lioiii what it is now. 'J'Ih ii the' basic oxides of the ('arth’s 
crust were eonibiiHit inaiiilv with siIkm. whilst the atmospluae W'as 
very rich in caiboii dioxide* This was because thi‘ high U*m|)eralure 
of th(' igiKOiis locks fa\ oiiied combination with silica lalher than 
with caibon dioxide*. The displacenu'iit of caibon dioxide bv silica 
on fusion of the latter with sodium eaiboiiate illusliatis tin* pimciple. 
With the aid of almospheiic acpieoiis \a|)oui, howi\ir. .1 j)roc(*ss ol 
weathering of siliceous locks comnieiicid by which caibon. lies weic 
foimed, and silicic acid, silica, 01 silicates of less basic metals liberaU’d. 
The weal In ling of Idspar, bv which jiolassium aliimmiuni silicate is 
converted into potassium carbonate, aluminium silicate or kaolin, and 
free silica, is tlu* most familiar exam|>lc of this [iiociss. Hy tin aid of 
rain, and consc'cpuni streams and iivcrs. these carboiiati's or bicar- 
bonates wi ie cariud m solution to tlie sea. 

]Meanw’hil(‘ the sea itself was iee('i\ mg 111 solid ion miieli eai bon duixide 
directly fiom the atmosplu ie, continual intcrchaiigi* of this gas taking 
plac(‘ between the tw'o media. Paitlv by inorganic di com posit ion, but 
chiefly thioiigh the agency of maimc organisms, the bieai bonati's of 
calcium and magnesium wc*re decomposed, and sedimentaiy rocks 
produced from the carbonates thus set five, while* the,* Iree* e-arbeimc 
acid ceintammg half the* caibon dioxiele* origin, dly renien e el fieim the 
air eventually re tiirne-d this carbeiii elmxiele* to the air, W’hie*li by me'ans 
of circulatiem again be‘canie available* for waathering. Thus caibon 
dioxiele lias bee n ceinlmuously re*niened from the air and store*d up 
in the* crust eif tlu* e*arth m the \arie)us forms of hme*stone rocks 
and ceiial reefs. So great has been the storage* of carbem dmxiele by 
this me'ans that at the; present day there is about thirty thousand 
times as much of this compound in the sedimentary rocks as in the 
atmosj)ht*rc. 

Simultaneously with this process a quite different agency was at 
work reducing the amount of carbon dioxide in the air. The green 
parts of jilants, and cspcciall^^ their leaxvs, possess the jiGWcr of decom- 
posing atmeisplu'nc carbon dioxide in the presence of sunlight, retaining 
the carbon and returning the oxygen to the air. The chlorophyll, or 
green colouring-matter, of the leaves is associated with masses of 
protoplasm to constitute chlorophyll corjiusclcs or chloroplasts. The 
radiant energy absorbed by the colour is employed by this protoplasm 
' Bcrginarui, Opusctdn^ 1774, 1 , 1, “ Dc ticido aereo.” 
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to brin" about a chemical change which may be r(‘})rcscutc(l by the 
equation : 

rCO, f -{ jOo. 

Tlie si£rMi(i(‘anc(‘ .ind impoi lance of this j)rnccss r)!' |)l)()losvnthcsis 
in the economy oi c.m hardly l)e o\ i leslimali d. I' lrsl, tin' cx- 

ccssnc amount of carbon dioxide orujinalK picMiil m the air uas 
f^radnally replaced b\ owj/i-n; secondly, cai boh\ drah' was prodiici'd, 
whence IS del i\ 1(1 food foi man and Ixast ; llnidK, eneiir\ was stored 
up— c.tf. Ill coal— III the s<“p.iia(ion of caibon and oxyirc n, which ai^ain 
bccouK's ayailable when tlie products are (inpIoMd as fuel, and the 
carbon returns to tlu* air as caibon dioxide. Tims tin* e\el( 

carbon dioxide ► “ orira me ” carbon ► (Mibon dioside 

IS eomph t( (1. Fiom (he poinl of M( w of mass i[ pro\ id« s Ihecaibona- 
ceons liasis of li\ mif oii^anisnis; iiom lh(‘ ))oinI (►f \ n w of ein r«rv it 
furnishes tlu‘ soiirei* ol I In ir aeli\ iln s. 

'J’Ik docomposil ion of al mos|)lH rie carbon dioxidi' l)\ ijieen plants 
was obser\ ( d l)\ PiksMcn, Sentbi<i. and Iiii^enlioiiss IkTok the close* 
of lh(' eii;lile< 111 li C(iihu\, and Ma\(i and llcimlioll/ showed llic 
mipoitaiice of the Kaelion as a iiuaiis b\ which enci;^f\ is slou’d By 
ihiowui<r a (’onlimioiis spectrum upon a filament of al;.,M impiciriiated 
wilh l)a(‘Uiia which an* stimulated ioaeii\e moNciiunl onl\ m piesencc 
of tree ox\i,nn, 1sn<rl( maim * pio\(d that the cmiirs alisorbed from 
while lii,dit liN ehloroj)h\ 11 is ( mpIoN ed b\ fin plani in pholos\ ntln*sis. 
The /OIKS of aeliNily of Ihe bach'iia wen* found lo eom(*ide with the 
positions of lh( absoiplion bands of tlu* ehloioph\ll s|)eelimn. 

^^l1ll Kifaid lo the aeliial pioeess ol cailxni .issnnilal ion Ba«*\(‘r‘'* 
aibaneed tlu tluois that lormaldi hyd( is tlu liisl |)iodnct, and that 
this snbslanee ])ol\ m< i isrs , ' bus : 

((), , 11,0 11 coil -I o^ 

nir-coir (\,n,x),5. 

Accoiduif; to IhuNd* Ihe liist naclioii takes place m two staijes, Ihiis: 

CO, CO -i o 

CO I 11,0 ! ()“ II (X)I1 + (),; 

Imt Ki le iimeye r assume s the production of fenmie aeiel and liNdro^ren 
pdoxiilr thus: I ll(()()ll .; IhO^, 

which then mtiiaet, iiiMin^r foimalde'liN de*, water, and owi^K'ii, thus: 

II. cooil { 11,0^ II-COII f 11,0 1 

A somewhat dilttrenl view* was expressed by Bach'* m Ihe eepiations 

.•311. CO, uir2(’o, i II (Oil 

1 1. ,(“(), == (X), + 11,0,. 

Krlenme\er\ yiews find experimental support m the work of Usher 
and Priest le_\ ,*'’ wlio IiaM* oblaiiud feirmaleleh} de and hydro^a n ])eroMde 

* loijrlt'ninrm. lint Xnl, 1SS2, 40 , tl!) 

* J3}u*\e‘i, litr, 187(1, 3 , l)(i 

* Kdfiiiiu’V'T, lin , 1S77, 10 , ().‘J4 

* Bacli, ('om}A rend , IMK 3 , 116, 1 lO * 

® Ushc’F and Frifstloy, Proc Roy Sor , lOOG, B, 77, .IGO 
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from aqueous carbon dioxide in presence of chlorophyll, formic acid- 
appearinjr as an intermediate substance. The same observers havc^ 
.shown ^ that this photosynlhesis can be enpud outside the j^reen plant 
by the ns(‘ of a suilabh* en/yme, but that for the formation of starch 
liviiif' iion-ehloiopli\ lions jirolopla.sm is neeessarv. Tliese observa- 
tions ar(‘ liardly in aeeoid with that of Iferzo^f,- to tlie effect that an 
cxtrael of ^^iien Ieav(‘s made hk(‘ Hueliner’s extract of yeast has no 
pow'er of carbon assimilation, but harmonise W'lth th(' \iew that starch 
is not derived from pholosynthctic sn^jar, but is a dcf^radation product 
of jiroioplasin. 

The ])iopoition of carlion dioxide now ])resent in the atmosphere is 
very luaily !i jiarts in 1(),()0() by volnme, oi 0 03 per cent. 

In the following table are inediidid a h vv of the* moie impoilant and 
recent determinations of the* amount of carbon dioxide in the atniosplure. 




Ohsf’i \ .ition 

Authonly 

Lot ,ditv 

I’aits of eai 1)011 dioxide 1)V 
volume in 10,00t) parts of an 

J Wvisrt, ('(ttn)il 7iinl 

Nt .ir Dieppe 

2 912 

88, 10(17 

(mean of 92 di Ir 1 miii.it ions) 

A I’l teiriuinn mikI .1 thaf- 

(’ounti v air, Ih lirium 

2911 

tian, ('/khi At utr , iSiU, 

(me.in) 

11, 201 

Ditto 


In town ol (honhioiix, 

3 70 


i>( luiiini 

(mean) 

W V Willi.uiis, JUt , 1S97, 

.Shelht Id 

3!) 

30, Uot) 


(riKMn of niiiiieioiis tletcr- 
miiiation^ in 1 1 ntt<^ ot cit.v) 

Ditto 

Out* .Old <i h.df nnl(‘ wt s( 

.1 27 


fitoii ( 1 nlie of Shedit Id 

(iiK an) 

1\1 de 'I'hieri \ , Toz/jp/ rend., 

Mount Diane 

1S0‘1, 129, 310 

altitude lost) m 

2 02 

altitud(‘ 30 ‘»0 111 

2 ()9 

Letts and I’ll.dvf, Sn /'»oe 

IJellast. 

2 91 

Hoff Diih Sot , lot HI, 9, 


(mean of lit dt tei nimnlioiis) 

part n, pp 107- 270 

11 'r l!i<i\\n and F. Ks- 


Koiv 

2 13-.1 00 

cfunhe, Fioi J{tn/ Sor , 


(miriiiiiiini and ni.'iMiniini 

lOOo, B, 76, 118 


ot niiMieitais dt'li tninia- 
lions dining 1S9S to 1901) 


The total amount of carbon dioxide in the air is cstiniatid at ‘2*2 
billion (2*2 X 10'*) tons, and corresponds to the presence of 000,000 
milhon tons of caibon.^ 

The sources of atmospheric carbon dioxide are respiration of man ^ 
and animals, and to a le.ss defjree of plants ; combustion,® fei mentation, 
and putn faction of carbonaceous substances, frcipieiitly subtcirancan. 

^ Uslifi and Piiissllcv, /Vor Jto// Mor , UlOli, B, 78 , 318. 

* Hfi/<ijr, 'Anhih Clirm , 1902, 35 , 4.'>9 

■ Krofih, Mahithlf Si r t/m (hoenUind, 1904, 26 , 419. 

* It has bo(Mi lali'iil'Ucd tlmt the human race exhales about one million tons of carbon 
dioxide into the air dady 

® 1’h(‘ woild’s eon um]»tion of eoal in 1913 was approximately 1200 million tons, 
and of this quantity the United Kingdom contiibutcd 287 4 million tons, or approximately 
onc-tourth. 
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The soil is constantly cvolvin^^ carbon (lio\i(l(‘ ; part of this is 
umlonbtully of volcanic orii,nn, and part results from chemical change 
taking place nc.iicr tin siiit.us* of thr soil Koi c\.un|)lf, sin. ill worms 
exhale .‘is much c.iihon dioxide as hum. in lx wughl im weight, 

and 111 \ ii w' of the \ast numl)*‘is of these and ollur lowh furins of life 
inhaluling llu' soil, it is easy to und« istand thal the (jiianlil \ oi’ carbon 
dioxide c\ol\ed is consuh rabli* ' 

Other sources of c.nbon dioxide' .ire' mineral spiings, volcanic \ents 
anel iissuies, anel tlx* e-aK'nialiou eif e'.iibon.ites, eg. liiiu -burning. It 
W’lis estimated by Bous''Uig.uilt m IS It that (otop.ixi (iniltiel more 
caibon dioxide' annually Ih.in was preielnesel by esanbuslioii and r< spira- 
tiejii 111 the* e-ily eif Paris. 

'riu .'le'e'unuilal ion in I he at meisplx eif llu eMiboii eiioxidi' eh'rivcd 
freim these* vanoiis sexiie'is is prtviiiled bv (he* pioe** ss of carbon- 
assniiil.itioii e*airieel out m siinhghl b\ gieeii pi. nils, and b\ the atmos- 
phe ne* weallKiing eif sihe*eous isx’ks. \\hie*h still e'oiitiiuiis 'riie lel.itivc 
magnitiiele* of these twei prex’i sses is not known, iioi is it known liow' 
mue‘h e*arbon ehoxieh is aiiiuiallv ie*mo\e‘el fiom tlu* .in bv then means, 
tliexigh T. (’. Chaiiilx rim “ e'stmiates this anioiinl to be 1 ()‘.i X lh‘* 
tons. Neither is it kne>wn whether the* preiportion nl e*aibon elioxide 
in the air IS now epiitc slatiemary, en* whe tlu'i it isvei v slowK me’reasing 
or dmiimshmg It may be suppose el, how< \ < r, th.it with t lu adv.iiice'in 
human popiil.ition and civ ihs.it ion, and the .K‘e‘onipanv ing eh pK'tiein 
of forests, the jU'opoitioii of‘(*.irbon ehoxielc must lx* slowlv me«i easing. 

It has been shown by Ariheiiiiis'^ th.il, eiwing to the* peivver eif 
absorbing teiiestiial laehations peisse sse d bv e*aibe)u eheixieie, an ine*re*asc 
in the* pieipeu t lem eif this gas in the* almeisphe ic wonlel me*r( ase* the* nmaii 
te*mj)e ratuie* eif the* latte i. 'I’hiis Arrhe'iiius cale*ul.ites th.it if the 
e|uanl ity eif caibon elieexule* in the* air we*re* men .ise el t hie e Iblel the* me*an 
tenipe ratlin eif the' Aie*tie* re'gmns wexilel rise S" 0 ('.anel that glacial 
peiieiels mav be ae*e*exinle el for bv a leiss of at mosphe rie* e*aiboii elieixiele*. 
JMeireeiv e r, ae*ceiiehng tei lleigbexu.’ it is the iiite i nut te nl v eileame* activ ity 
e)f tlu* gleibe* that elistiirbs the eitherwise* bal.iiK'eel lUeipoi I ion eif e*ail)on 
dio.xiele* III the* air ; he nce it wexilel Iblleiw that v ai v mg v eile-.inie* act iv ity 
IS tlu* ele le*rnuiung e*ause' (►f vaiving see'iil.ii climate. 'I’his Iheeirv has 
iieit, luiwever, fexiiul geiieial .u*ce*ptane*e , bee*.iuse* it is kneiwn that 
vanatiems m the* amexiiil ol .ilnmsphe'i'ie* ae|Uee>us vapour have* a gie'at, 
anel preibablv jn'i pemele lal ing. influe-ne'e em te*rie*sln.*il r.ieii.il ion. 

Preparation of Carbon Dioxide. ( aibon elie*xiele* is ge iu r.illv pre*- 
paie*el in Die* labeiraleiry 1 )V llu action e)f .seime what eliluteel liv elre)(*hle)ric 
acid ein marble* : 

CaCO, 4- 2H(‘1 (a(’l, [ II., O j 

The ap])e*arance‘ of the* gas is j)ice*e'ele*(l by the* liberal uin of carbonic 
acid, whie*h, lieing imstalile*, de*ce)mpo.scs alnmsl ce)mpl(*te*ly 

intev wate r anel caibem eiieixide'. The* e*ve)lve'el gas, whie*h contains tracc.s 
of hydreichleiric aciel, may be* purilicd by |).'issing it thiexigh seiduim 
hydreige*!! carbonate solutmn, eir it ni.iv be* ceilKe*ted eivcr wate*r instead 
of by the more usual nu*llu)d of upvvarel displace me iit of an*. 

Dilute sulphuric aciel caniuit be* empleiyoel in place of h\elroe*l)loric 

^ Fncnrl, Setenrf Pm/rcss, 11)12, 6 , .'ttlS. 

* rh.ambe-riin, J. Oeohxpf, 1S!){). 7, <>•'<2 • 

* Arrhe'iiius, Phi Muf/ , lseM5, |v|. 41 , 2:M , Ann Ph^d, 1001. [iv], 4 , (500 

* Hogboni, Siensk Kimi>k Ttd^ikrtft, 180t, 6 , lOfi; ('him Zentml , 18^7, 1 , 4'')2 
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acid because the marble quickly becomes encrusted with almost insoluble ^ 
calcium snlpliate which stops the action; if, however, coneentratcHr 
sulphiiMc Jieid, eontaiiiiii^r only a very litlle \\at(‘r, is used, the evolution 
of f^jis eontmues because an acid sulphate of ealeium is formed wliieh 
remains in solnlion. 

If sodium eaibonaie is (inphned us lh(‘ source of carbon dioxide 
the exolulion of Ihe ^nis is \i^roious, whether dilute hulroehloric or 
sul])hurjc acid is ( mployed. 

Sodium h\ drojjen carbonate is aeoiwemenl source of eaibon dioxide, 
which it evol\(‘s whiai gently luatcd in tlie solid state or in solution : 
•iXalK O, Xa,( (), [- HoO + COg. 

N^ormal sodium eaibonaie is not decomposed by heat until a \erj 
hip[h temperatun' is reacli(‘(l ; calcium carbonate, beiii" the salt of a 
less jiowerful bas(‘, begins to \ield its carlion dioxiih* at about 5/50" C. ; 
ma^iusium carbonate, m tlic form of the mineral ma^uesit(“, ^u\es off 
carbon dioxide when i^eiitlv i^'inti'd, and is therefore sometimes employid 
as a source of the ^^as. 

Carbon dioMd<' mav also lu‘ prepared 1)V Ihe* combustion of charcoal 
or coke, and purifie'el freim the atmosjdieric iiilre);^u‘n with whieOi it will 
be mixed, by eausuitj it tei eominne Avith an alkali carbonate*, whence 
it IS aj^^ain set free by the action of aciels. 

Physical Properties of Carbon Dioxide. - Pure* earbeui dieixide* is a 
coleiurlcss and odeiurless jjas \Mth a sharp taste*. It is about one* and a half 
times as li(*a\y as air, and on this account accumulate s in \all(‘\s, wells, 
anel e)lhe*r lenv-l\ mg speils. Thus Ihe* Peiiseui Valle y e)f .la\a is se) n.mu el 
because carbon dieixiele*, issuing fremi lissuies m Ihe e'aith, rc*mams in 
the valle*y, and mav sutfeie'ate an iinwaiy tuue ller; anel the Giedto of 
De^gs, near Xajiles. similarly e'emtams air richly laelen wiln e*arbon 
elioxiele* lei the* eteplh eif two eir thre*e* feet, so that ele>gs or either small 
animals entering the* Gieilte) are e'eimpelleel le> bre*athc the* gas, whilst a 
man, walking with his heael abewe Ihe* gas, is sale. The* lieaMiU'ss e)f 
caibein eli(j\iele* mav be* ilhisl iate*el by pouiing, ladling, or siphoning 
the gas freim eiiie* \e*ssel lei aneilher, its jm'se nee* be*mg shown bv lhe*e\- 
tmetion of a tape r. The* ele*nsity eif the* gas at 0' C anelTtiOmm (air = 1) 
IS r.WDOP (Leirel HaUe*igh eir l-.52tSe)l. (L(*dne*‘^). whilst the value 
e*alcnlale*el fiemi the* meileeular we*ighl is 1'5‘201. One* litre* eif carbein 
elieixielc at 0" C and 7()0 mm. we*iglis 1*0078 giams.^ 

The* covjju'u'ul of IhomaJ r.rpansiou of the* gas at constant pressnie 
has be*e n ele*te*rmnK*el by (’ha])pnis * tei be as Iblleiws : 


J’lc'ssurc 

0-20 " V 

0^0" r 

0-100° C. 

At 518 mm. 

0*0037128 

0 0037100 

0*0037073 

„ 91)8 .. 

0 ()037(;02 j 

1 0*003753(1 

0*0037110 

. 1377 ,. 

0*0037972 

0.0037900 

0*0037703 


' Uaylcii'li, l*Tiic Hnif , IS‘) 7 , 62, l.M )4 
“ l/'fiue*, ('onipi lend, ISSIS. 126, 41 .*J 

® Dirlrie-h, Zaheh anal Chem , 1804, 4, 142, .se'ej also J’arr. J. Amer Chem. Soe 
1009, 31, 2.37 

* Chappuis, Trav ct MSm. du Bureau intern, den Poids cl Mes , 1903, 13, 199. 
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Compressibility. — As will bo shown bolow, carbon dioxulo is nn easily 
condensable j;<is ; conse(|uentlv ulien il is eoniprt'ssed it deparls eon- 
siderably from Royh‘’s la\\. Tli(‘ eompn ssibilil v at \jiiioiis tempera- 
tures has been meaMired bv' Ih^irnault/ Holh,- and Vma^Mt.'* The 
results of Amaral are i,nven m the Iblloum^ table, wlueh shows the 
values of pv when pv at 0’ C. .nid 1 atm 1. 


At in 

0" 

10^ 

j 20" 

:io" 

40 ' 00 ' 

SO' 

100 

1.17’ 

198" 

258^ 

TiO 

0 lofi 

0 114 

1 0 080 

0 775 

0 S50 . 0 904 

1 090 

1 200 

i .580 



100 

0 20 J 

0 2i;i 

0 229 

0 255 

0:109 0 001 

0 S7.{ 

1 0 !0 

1 2.59 

1 582 

1 847 

ir.o 

0 21) "> 

0 :io!) 

I 0 :i2li 

OHIO 

o;i77 1 0^85 

0 OSI 

0 87 S 

1 1.59 

1 .5:50 

I 818 

200 1 

0 :is5 

0 101 I 0 (19 ' 0 (10 

0 (08 i 0 .54-1 

' 0 000 

0 Si 5 

1 090 

1 (90 

1 1 804 

:ioo 1 

0 .559 

0 57S 

1 0 .V)9 

0 02 1 

0 0(9 ! 0 710 , 0 790 

0 S90 

1 108 

1 19:5 

! 1 820 

400 

0 728 

0 7(8 

|0 77I 

0 795 

0 821 ■ OSSl 

0 950 

1 0.19 ' 

1 218 

1 .51 .:i 

, 1 883 

500 1 

O.Slll 1 

0 9i:i 

1 0 9.18 

0 l)0‘l 

0 990 1 05( 

1 121 

1 201 

1 l(.2 

1 ()7S 


700 , 

1 200 1 I 2:12 

1 I 251) ■ 1 2S9 

1 :il9 ( .(S.{ 

1 (5 4 

1 .529 

1 (.70 

1 9.50 

, — 

1000 ' 

1 

1 050 

1 085 



1 710 

1 7IS 

1 780 j 1 8(8 

1 921 

1 999 

' 

j 


— 


It w'lll lie seen from thes<‘ (iiTur(‘s that \ alia s of pr at a trivial tem- 
perature hill to a minimum as the pressiiit* meii.iscs and tlan use 
ai(am ; or the eompiessibility ii‘aeh(s a maximum al an mb rmediate 
pressure* and tlieii diminishes a^'am. The follow inir table shows the 
pressures al which pr reaches a minimum \ nine al dilh k uI Ic mpia-alures. 


'rfinjx't.OuK* ” C 

IVe-ssiiio Atm. 

. 'iVmpe’i.iliii * ' (' 

J’m'ss roAlm. 

0 

:n 

70 

10*2 

10 


SO 

170 

‘20 

,57 1 

00 

100 

.‘10 

70 

100 

‘211 

K) 

101 

i;i 7 

‘2 17 

aO 

1*21 

1 10 s 

‘2.’5.5 

00 

1 i;i 

1 •2.5S 

21 s 


Tlu' abo\e ])h( nona na are elosel\ eonneeted with thosi* of the 
critical state mvesLi^ate-d bv Andiews,^ who showed that abov e C., 
which IS called the (utinil icmpaatun’, no sinsible iKjueCaelion of 
carbon dioxide lakes plae'i , whale veT the jiressiire ; whilst below that 
temperature any isotheimal, t e. a cur\e she)wini,Mhe eonia etion beLwce*n 
vedume and pressure al a pailieulai tempi rat me, eemsisls of three 
parts represen 1 1 n«r : (i) compression eif j^as, (ii) h(|iie laedion, (iii) com- 
pression of liepuel. This is illusti.ite'd in Fi^ ‘2, j) US. 

‘ Ki’^aiauit, dr I'Amd , JstT, 26, _’J !1 
“ ilotli, It’a’if Annnlrn, ti, I 

“ Ainairat, Jhh ('him Phy^ . isHl, [vj, 22, .‘lot, 181)11, |mI, 29, liS, oOS, Cumpt. 
renei , 1800, III, S7 1 • 

* Aiultcws, Phil. Tram.y 1860, 159 , 575; sec also Knott, Prot. Poi/ .s'oe. Pdm , 1000, 

30 , 1 . 
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An oxiiniination of Aniaj'at’s results in the light of these considcra-i 
tions IS inslrnctiv'e. Tlu* eornpressihilily of earhon dioxide at 0° C. from 
50 lo 1000 iitniospheres relates enlirelv to I lie lupiid, and tin* same 
applies to the eoinpressihilil v at 10'(\ ( aihon dioxidi' at20'^(\ heeomes 

licpiid at about 57 alni , eouseipientlv the liist \alue for iii the 
third eoliiiiin of the table relates to gaseous carbon dioxide, and the 



Flo. 2 — Isoihormals of carbon dioxide, illustratinj' Die critical ])h(‘noincna 


remaining \ allies to the lupiid ; and the same is true for the values 
of pv at .‘50'’ (’ , whieli lies just below the eiitieal tem})erature. All the 
other valiK's for pv in the table ndate only to gaseous earbon dioxide. 

'J'liese relationships ajipear clearly from the diagram in which 
isothermals are drawn, with pressures in atmospheres as abscissa: 
and the \ allies of pv as ordinates (Fig. .*5). If carbon dioxide olxwed 
Boyl(''s law these isothermals would be horizontal straight lines. Thus 
the increasing departure of this substance from tin* condition of an 
ideal gas with loAsering of temperature is illustrated, as well as the 
continuity of the gaseous and lujuid states, which is especially shown 
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by the parallel lines to the rii»ht of the diagram, the last four of which 
pertain to liquid and the rest to ^iis. The \ erheal poi lions (»r llu‘ curve 
below 30° (’ repr(‘seiit th(‘ proi^riss of iKpK'faetion, and so far conespond 
to the horizontal portions of the curves lu llie previous li^niie. 

Liquid Carbon Dioxide. Caihoii dioxide was liisl li(]ii(‘lie(l by 
Faraday, iii 1«S23, at a litlle below 0° C. under a pn ssiiie of 30 atm. 



Fkj 3 — IsoIIk r injiK «»f ( .u Imti cIujxkIo inir Hh* 0<’\ irUiori of I Ins }.ms from 
Ho\ Ic'h law ( Nin.ii'.it } 

(If pr -- coii.slanl, lln‘ imiIIkm inal is ii hnii/.onl!il Hlim^ht Iim> ) 

Scr also vol I (tins B«‘tn s), p L*‘) 

Faraday’s appaiatus was simple. Sulpliuiic acid aeled on ammonium 
carboiiati- in one limb of a sialed, bent tube, and the e;is was iKiiiefied 
under its own pressure m the otiu r limb, wliieli was immersed in a 
freezin^r mixture. 

The same principle was employ<(l byTluloiiir* on a lai»^tr scale, 
in 1S39, the ap])aratus beiiif; made of cast-iron. MaiesUa ami nonny 
improved on Thiloriei's ajiparalus, with vvhieh latal accidents had 
occurred, by employing' two had cylinders surrounded by copjier and 

^ Tliiloncr, Avualni, 1839, 30, 122 
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connected by a narrow tube. The carbon dioxide was produced and^ 

liquefied in the generator, and then distilled into the leeener. 

Nallirer^ and Ihanehi eoinpre.ssed earbon dioxide by imans of 
powerful jiinnps, so that it was iKpielied in \\ioiij,dit-iron jiear-shapetl 
vessels. A similar imlliod is still einploved, eOmders of inild steil 
beinj; siilislitiited for wron^dit-iroii vessels. Carbon dioxide derived 
from lennentation or from mineral sjirm^^s is similarly eompiissed. 
Lujuitl earbon dioxide* is e inployed as a refi liberator, for prodnein;' 
pressures, and m the manufacture of mnuTal wateis. 

The \a])onr pressnr(‘s of the lupiid at different le'inpe r.d iires have 
been measnreel by Faraday ^ (18t,5), Ue-^naull ^ (1S()‘2), Caillelel * (1S78), 
Aniagat ^ (1^0-), Villaiel * (1807), Ku(‘nen and Ueibsem ^ (1002), and 
Onnes aiiel Weber® (1018). Zeleiiy and Smith have eililaineel the 
following values for the* v'apour pressures ejf liepnel e*.irbe)n elieixide*: 


LIQUID CAiniOxV DIOXIDL 


Tcuip(*iaturc 

"C 

IVsMire 

Teinpe'raluie 

HlChSUM* 

at in 

‘'C 

at in 

- ()5 5 

8-80 

- 40 

0-88 

- 00 

4 85 

- 80 

1 1 81 

— flO- 1 (triple point) 

5 11 

— 20 

1!5’.V2 

-50 

' 0 73 

- 10 

2.7 88 


The critical cemslanls of carbon dioxide have bee-n eleteinmuel by 
different oliserv'eTs as fedlovv : 


Ciitical 

Tt'inpeiaturo 

(^itical 

pH'ssure 

Atm. 

('ll ic.d 
\ olunu* 

(’lltKMl 

IVnsitv 

a 

h 

( )I)M'I \ I'l 

30 92 

31 3.7 

31 9 

3100 + OlOj 

J 

77 0 

72 9 

77 0 

72 8.) 4-0 10 

1 

0 000(1 

0 404 

0 (>0(;7.s 

0 09719 

0 00()SJ 

0 001807 
0001912 

0 00IS13 ' 

AiuIk'WS 

AriMLT.it “ 

l)( V\.ll 

C.iiduso ainl lii 11 ’ * 


The constants a and b are* thexse in van der Waals’ eepiatiein : 


(/' + "0 (*■ - >•) ” 

^ N)ittci(*r, ./ pnilJ ('him, ISI."), 35, laj) 

= lMi{i.!a\, rhil ISJ3, 113, JiiO, iSI.'i, 135, j, l.w. 

•• Ucieiuiiil, 1/t/w fh' VAidd, JS(>2, 26 , .'Wri 

* (\ull«*tf*t, \}ih (k (ivncir, 1S7S, 66, l(> 

® AniH^'.at, Cuinpl tend., IhUl, II3, *146, 1S‘)2, 114, 

® VillureJ, Arm Chim rhyn , IS!)7, |\ii], 10 , :j87. 

’ KiK'ru’ii timl Hobson, rhil Mmj , 11102, t'i|. 3, b-*2 
® ()nne*s and Webe'r, /’m K. Akud WtUn'^t/t 1913, 16, 21.1 

• Z(‘lL’ny and iSiinlli, rhy'>tktd Zcikch , 190(5, y, 007 
Andrews, rfiil Tran,^ , 1S70, 166 , 421. 

Amauat, Compt rend, 1892, 114, 1093 

1 = Dewar, Phil Maij., 1884, [v|, 18 , 210. 

Cardoso and Bell, J. Ckwi, yhys , 1912, lo, 497 
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Liquid carbon dioxide is oolonrl(‘ss ; it is soluble in nleobol and 
ether, but does not nii\ with water; it dissohes \aiious substances, 
amonf,' winch au‘ n.qilitliahaie and eaniplior, eaibou disulphide, some 
hydroearlions, bone aeid, phospiiorus peiil.u'liloi id< , arseiiu* and 
antimony tnbromides, and \ellow' pliosphonis , but lodme and bromuie 
are onl\ sliijlitK solubh‘, and iiua'^r.ime salts are lusoliibli* m lupiid 
carlion dioxided 

The diiisilv of li(]uid carbon dioxide at \arious l(‘m|uratures 
^compared w’lth that of the i^as with which it is m equilibrium is shown 
by the followm<r results obt aim'd bv Vniai^at ^ : 


Tomperatuio “ C 

Liipixl (1( 

(i.is (l(‘ll'«ll V 

0 

0 01 1 

0 ooo 

10 

0-8.')(i 

0 1:58 

20 

0 7(>() 

0 100 

;io 

0 .>08 

0 :v.i 1 

;io .*5 

or>7 1. 

0 8.'>t; 

01 

0 .x-iO 

0 802 

SlOj 

0- un 

0 lot 


It will be ()bsei\ed how these valms approach laeli olhei towards 
the critical tempeialure at which, of couise, the\ Ixeome Khiilieal. 

Solid Carbon Dioxide. When a (piaiilitv of lupiid carbon dioxide 
evajioiates <puekl\ IIk h(<d of xapoiisaiiou is wilhdiawn fiom tlie 
remaimn^^ h(pud, which cous<‘(pienll\ fiee/is to a snowlike mass. 
This fact was obs(i\(d by Thiloia i ; and au appaialiis was de\ ised 
by Natlerer to lx* lixi d to tlie \,d\e of a CNlindti of Ixpiid caibon 
dioxide, so that when the vahe is ojxiud and the liquid is foieed out 
by the jiiessuie of the iras within tlx c\hud(r a quaiilily of caibon 
dioxide “snow” may be olilained. 'i’he appaialiis consists of a 
eylindrie.il nxtal box. in.ide in two pails which lit laddly loirether, and 
j)ro\ ided with a Inlx for the enlianci ol the Ixpiid caibon dioxide, 
and jueiced with holes beneath two hollow h.indhs thioiudi which 
the <'as('ous e.iibon dioxide may esea[)e. A pxci of coarse caiuas 
held over the \al\e of the e\hnder whilst the Ixpiid is escapiiifr 
sullicis, how'ever, to collect soim* of the s(»hd without the use of 
the box. 

Solid carbon dioxide is er>stalhne, and has been obtained m cubes 
and octahedral; when formed by the cixilmir ot the Ixpiid m bulk 
it IS colourless and transp.irenl like ice. It e\ aporati s m the air without 
niellm^ ; this process is slow% howc\er, Ixcause ot the hi^di heat of 
vaporisation. 

'File sublimation tempi r.iture at atinosplx iic pressuie is — 7.S 2 ' C. ; 
and the vajxxir pressures at diffinnt timpiialuns aie shown m the 
followinj^^ table (/i leny and Smith *) . 

^ Buclincr, Znl^h phif'^ibd ( him , moii, 54, XIm 

* ('omjil rrml , ls!>2, 114, • 

* Hchnkt'n, Physunl lifrieir, 1!)!2, 35, (ilJ. 

* Zclcny ami Smith, Phyv{ti!. Z,nltih , lOOh, 7, 607. 
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TeiTip(‘iatiire* ° C 

Pr(“!siiro 

Tcrnpcraturi* “ (' 

Pn'ssiirc 

— 50- 1- (triple peiml) 

.5 11 atm. < 

- 100 

119 mm. 

GO 

9 92 „ 

— 110 

19 

- 70 

i-««s „ 

- 120 

11 » 

- 80 

G57 mm. 

- 190 

2-.5 „ 

-90 

288 „ 

i 

— 150(Nemst) 

0-0.5 „ 


The density of the compressed “siiow”^ is 1*2, whilst that of the 
“ iee ” is 1*5G at — 79° C. The “ snow ” may bo handled ithont harm, 
but wlieii ])ressed njion the skin for twenty si'conds or inort' it piodnccs 
blisters. 

Solid carbon dioxide is now a commercial article, and is used thera- 
peutically with mor(‘ or less success in the Lreatnu'nt of the followinpt 
diseases? warls, moles, erysipelas, te/ema, lupus, and certain ulcers.^ 
When employ (d in eon junction with cdlain lujiiids solid carbon dioxide 
is a valuable cooluii^ a^^ent. Hv passinj^ a current of air at 1S°C. throuirh 
the followin^r niixtuis's the followint? tem])eratnres are obt.iined'^: solid 
carbon dioxuh* with ithyl or iikHivI alcohol —85° C., with methyl 
chloride or acelaldehyile — 90° C., with ethyl acetate — 9.5° C., with 
acetone — 98 ' ('. ; whilst if the air is pr(‘\ ioiisly cooled to — 80° C. the 
temjxTatiire obtained with ae(“tone is — 110° C. The theory of tluse 
phenonu'na Ironi tin* standpoint of the phase ruk* has been w'orked 
out by Hoo/eboom.* 

Intcnchitions'hips of the Plnjsical States of Carbon ZliVxr/de.— When a 
substance can exist in three ])hysical stale s th(‘rc is one condition under 
which the three states co-exist in (‘(pulibrium. If these states are 
represented on a pressuri‘-t( mjieralure diaj,u-am (Fi^r. 1) this condition 
is expressed by a point eailesl the triple point. The* trijile* ])oint for 
carbon elieixide* is at — 50*t°C. and 5*1 atm. pressure ; and it is repre- 
scnte el m Fi*,'. 1 at Oj. 

OpV, OjB, anel OjO are- the boundarie-s lie-twee-n liepiid and vaiiour, 
solid and \apour, and seiliel and liquid resjiectn ely, and sheiw the 
dependence eif beiihn^^-jiennt, sublimaliem-peunt, and me llm<r-j)oint 
respectively upon pressure. The point O4 eeirre-sjiemds with —7-5° C. 
and 2800 kj?. ])er sep cm. The* upper part e)f the* curve 0,C, i.e. the 
part O4F, is breiken to sheiw a metastable eonelilion, and the curves 
O4I) and 0,ti are the beiunelarie-s of two forms eif seiliel carbon elioxide 
discovereel by 'rannnann.® Seihel I can e*xist undeir the* conditions 
represe nted by the* cur\e O4C as far as 10-5° C. and 4000 atm., but wtei 
the jiressiire* is leiwTred it melts and ])ass(*s intei the meire stable Solid IT. 
The curye* O4F, alon^r w'hieh Seihel II and liepnd can eo-e\isl in e*qnih- 
briuni, has b(*e*n trace’d as fai as 10-9° C. and 9487 atm. When the 
pressure* on Seilid I abeivc — 7*5° C. is increased the sedid deie s not 
melt, but a])|)re)aclie*s tlie eemditiem represented along the curve O4I). in 
1 Landclt, Her, ISSt, 17 . 309 

® Sre Cmhon DunuJe Snow, l)y J Hall-Kelwarels (Simpkin and CV)., 1013) 

3 Moit-siin, l^omph jend., 1001, 133 , 7(iS 
* Hoozebooni, IJcUnk/enc GhicJiffewuhte, 1004, li, 340 
' ® Taiuinann, O’lec/ Annakn, 1800, 68 , .171, (J20 . ('kein Zentr , 1012, u, 
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which the two solid forms arc equally stable. This curve has l)ecn 
traced to 15° C. and 4900 atm. 0^ is thus a triple point at uliieh licpiid 
carbon dioxide and i(s two solid forms co-e\ist in (‘(piilibi iiim, and by 
extendiiifT the eiir\(s AO,. HO,. 1)0,, and KO,. tin* iin.iL,Mn.irv liiple 
jioinls 0, and 0, eonu' inlo view. 

Sptrifiv llcat The speeilic heats of carbon dioxuh' and of otluT 
gases have lieeii determined by the method of Ib gnaiill/ which consists 



Fi(! t - K<{uilil>riiim (li.a'r.'im of (he phvHirnl of (Mihon (tioxidc 


in leading the heatid gas through a spiral tube immersed m water 
and dettiniinmg tin amoiinl of heat given up to the water; and by 
the mellKMl of Mallaid and Le Chalelier,^ m which, fioni the pressure 
devdopid in an i-in'losed space liy exjilosion. the tiinperature attained 
is calculated, and tin nee from the known tln'i’inal data of the reaction 
the speeilic Inal ol the gas is d«‘ii\e(l. 

Ilolboin and Ansi in,* eiiijiloving the method of Uegnaiilt, estimated 

^ Itotinfiull, Mvm dc IWtud , isni. 26, I 

“ M;ill,w(l and (‘li{it< In I. ro/«/>/ u nd , 1S81, 9 ?, lOlt, lOTli, lSiS7, 104, 1780; 

, ISllO, 14, aiil Sec* aUo lVilln*l«il and Vieilli* Ann C/inn /Vjys , 1SS5, | vi], 
4, 18; Sairr.iu and \ inllr, ('ompt rnid IHSJ, 95, 2(i; JHhIi. ifl2, 10.74 

® Holborn and Austin, Hitzumiaber K, Akml H'wff Berlin, 100.7, 175 
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the specific luiit of carbon dioxide at constant pressure and different 

temperatures to lie : 


Tcmpcr.'iliiio " 

Specific Heat 

'1 Temperatuie " C 

, 

Specific Heat 

0 

0-2028 

i| 400 

0-25()2 

100 

0-21G1 

1 600 

0-2678 

200 

0-2285 

1. 800 

1 

0 2815 


the general expression being : 

Ct = 0 2028 -[- 0-0001384/ - 0 00000005/2. 


Holborn and Henning ' have more recently obtaiiud a slightly different 
expression : 


C, --- 0 2010 d- 0 0000742/ — 0-00000001 ; 


and Swann, 2 einpioMiig an eleelrical method, found the specific heat 
to be 0-20202 at 20'’*(’ and 0 22121 at 100^^ i\ 

Various th<‘inial projieities ()f eaiboii dioxuh- at low temperatures 
have been studied by Jenlvin and ryi-.® 

The ratio of the specilic heals at constant pressure and eonslant 


volume 


has be(ii estimated by numerous observers. 


Owing 


to the variation of the specilic heat with pressure this ratio must corri'- 
spondingly vary. The following values have bec-ii estimated by 
Amagat^ at 50’ (\ and v-aiious pressures; 


Atm 

Cp Pr 

50 

1-708 

60 

l-0()3 

70 

2-327 


II. W. Moody '* has found C 2 )/Cv at 20° C. and 7(10 mm. pressure to 
be 1-3003, w lienee C'p has been calculated to be 0-2008 under the same 
conditions. 

The molecular heat of carbon dioxide at constant volume {Cv) 

and the ratio == y» have been estimated by Crofts ® by finding the 

temperature at which mixtures of this gas with electrolytic gas are 
fired by adiabatic eomjuession ; and the values of Ci; have also been 
calciiLiti'd from the formula 

Vv = 0-6 + 0 0023/, 
with the following results : 

^ 11(>liK)iti anil llenniui', Phi/'^'h, 1007, 23, S4l. 

® Si^ann, I‘roi' Roy So( , 1000, A, 82, 117 

* Jenkin .iinl Pye, Phil Trails , 1013, A, 213, (57 

* Ainat;fit, Compt ren/l , 1805, 121, 803 

•• Moculy, Phynkal Zcitsch , 1912, 13, 383 

* Crufts, Tram. Chem. Soc., 1915, X07, 306. 
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Tcmpcratuie Intereal ' (' 

Y 

Cv ob8er\('(l. 

(''r c.ili iiKUcd 

15 5.‘J2 . 

1 2.7 ( 

7 815 

7 82;i 

15 5(5 . 

1 2 . 7:1 

7-8 (7 

7 85;{ 

1.5-557 . 

1 2.72 

7-878 

7 881 

15-570 . 

1 251 

7 !)()!) 

7 on 


The heat of sublimation of s(»li(l (lin\i(l<- >\.is roimd l)\ Ihlm ‘ 

1(1 be ealorus })(Ti;iain at — 71) i\ , and llie hnifs of vapoi isalion 

})er ^rain of liquid eaibon dioxide al ddrennl h inpeialiin s ar(‘, 
aeeordin.i^ to Caill(t(l and Mallii.is,- as follow 

i '^V 
- ‘25 
0 

.‘iOO 

:}() <s ‘2 

Tlie heat of foimahou of eailion dioxidf is llu s.inn* as llu' ht‘at 
of eonilmsi ion of eailuni b/ «’ ). and llui(foi(‘ \ari(s aeeoidinir 1o the 
kind ()1 e.iibon \Nliieh is bniiil Thonis( n ^a\e lli<‘ xaliu* !)(),1)C0 
ealoiies foi by tlie coinlnisl ion of \\ood-(“li.iieoal , wliilsl the 

values obtaiiud b\ H(Tlh(‘lol * ^^elt“: 

Diamond OiapliiU Aniui|iliiiiis ('.ulxai 

DbiUO ealorus DKSIO ealorus 1)7. (aloiies. 

Throii^di exjilosion in a ealoiilie lionib, Herilulol obtaiiud lli(‘ \alne 
(18, .‘100 ealorus for Ihe leaelion (('(),()) 

Decomposition of Carbon Dioxide.- Caibon-dioxule ijas is vary 
stable, and n<jmns a liii,di leinpc ial me for its di eoniposil ion The 
thermal dissoeialion of this uas ^^as liisl in\ t si lo.ih d bv St. Claire- 
l)e\ille,‘' ^^ho passcal .i rapid stieamof it Ihiouoh apoiei lam tube lu afed 
to about l.'JOO^' and eolheled the issuing jras o\ «r potash solution, 
in this ^^^ly the earbon dioxide \Nas pioxid to be dissociated into e.iibon 
nionoMdi' and oxvi^i n to the i xteiil ot about 0 ‘2 p( i ei nl. be ( h.itt her ’ 
inveslieattd the e(|Uihbrium iepiesenl(d bv the eipialion 

‘2(0, ^ ‘2( 0 + O, 

by ieiiitinu an explosive mixture of 2 volumes of earbon monoxide 
and 1 Milume of (jxv^uii whieh issued rapidly Irom a ^-as-burner, and 
eausmjj the hottest ])art of the llame, A\hose teiniu ralun* was esliiiiated 
to be ; 5 ()()()'' C., to impinf,u‘ upon a ]>iereed silver tube throu«>h wliieli a 
stream of water jiassed. The fra'.es were thus drawn fiom the flame 
through the hoh* in the tube, and weie eolleeted and anaUsed. In 

* Helm, Ahn Phy^tikt lHuO, i, 215 

* (‘Hillelcl {iiul AI.illuu‘«, J Ptof'^igur, 1880, fii], 5 , ^02 , JSS7, 6, 411. 

® Th(»inM*n, Tin nnnrhcmi^rhr VnU t hithgi }i, 1882, ii, 28 { 

* ]?('itlud(>l, Ctmpl nml , 1881), io8, 1141 

Avn ('him Phys , 1878 , \\ ). 13 , 11 , 1881, [v], 23 , 177 

« St. CUuK'-Dcvillc, Annalen, ISUl, 134 , 121 . 135 , ‘If 

^ 1^ (.'hatcher, Ziil'>(h. phynkal. C'/icwi , 1888, 2 , <82 


Ih'.it ef \ apuiisvlHUi 

72 2.‘5 ealol les 
57 IS 
in.o 

.•1*72 
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this way the dissociation of carbon dioxide was estimated to amount 
to 40 per cent, at 3000° C. 

From I Ins result, and assiiminu Ihe ^rjis pressure to hr 1 at mospliere, 
Trevor and Korf \\ri!,dil * Iia\e ealeulaled tlu* pereenfaLfes of dissocial ion 
of carl)on dioxid ■ at diflercnt lemperahires and jiressures to be as 
follow, tin heat of dissociation Q^, also being d(.ii\itl from the 
temper.iluri . 


romp “C 1 

()(H)1 

1 0 01 

0 1 

1 

10 

100 Aim 

Qt 

1000 

0 11 

0 05 

0 02 1 

0 01 1 

0 005 

0 002 t 

- 02,002 cals. 

l.OOO 

0-5 

1 0 

2 2 

10 

0 5 

0-2 

50,125 „ 

2000 

57 '7 

31 7 

18 3 

0 0 

1-3 1 

2 0 

- 10,707 „ 

2500 

S7 0 

00 0 

10 0 

25 7 

13 0 ; 

0 3 

31,010 „ 

3000 

03 0 

83 1. 

■ 02 7 

|10 0| 

21 0 

10 8 

10.7 12 „ 

3.)00 

05 1 

' 87 0 

; 00 7 

10 1 

25 7 

13 0 

0 

4000 1 

051 

1 80*4 

j 00 0 

15 0 

210 ' 

1 

12-0 - 

[ lH,3t3 „ 


It will be o])serv( (1 1 lial lbc(‘\lenl of dissocial ion r(‘Mcii(“S a ni.i\inuim 
at aboiil OaOO' (’ at all pressiiies, and Dial a( Ibis lemperalure Die lieat 
of dissociation, \\bicb bas bi‘cn incrt'asing fioiu a lagalixi* \alu(‘ ^\ltb 
rising tempi'ratuie, ])asses ibroiigb Die zc ro-poiul and Ixcoines positixi*. 
Tbc figures in Dus labli* an* (Mlcula1(‘d from a single ( xpeiimenlal \alui‘, 
that of Die dissociahou at 3000 ’ (’ under 1 aim , ik'M iDu b ss Die fi'w 
other cMslmg expel iiiK nlal vabu's suppoit Da in. Tb<‘ IbMouing 
results for Die (bssociat ion of caibon dioxide lx low 1300' (' ba\e more 
recently bei n obtained by Xernst and v. Wai tenbeig,- Laugmuii.'* 
and Loew'ensteiii *: 


Tempt'ialupj " C 

l‘ci (Viit (jIis'voi lation) 

()1)N I V(‘l 

1027 

0 00 M t 

N. iirid W. 

1122 

0 01 12 

La 

1127 

001 0 02 

X andW. 

1170 

0 025 

La 

1205 

0 020 0 035 

and \V. 

1225 

001.71 

La. 

1277 

001. 

Ixie. 

1202 

0001. 

La. 


They agree accurately with \ allies calculated from a formula. 

The dissociation of carbon dioxide in the carbon mono.xide-oxygcn 
flame lias been iiiMstigated by Ilabcr and Hossignol, by the method 

' 'ric*\(»r und Koitwii^ht, Amrr Chem J , 18114, i6, (ilH 
“ N«Miist. arjd v. Waitcnlw-rj?, ZcHsrh. physiknl ('hem , ]^)06, 56 , 548 
“ LaTifrmuir, ./ ('him Sor , ItKiO, 28, 1.157 

* Loi'vrnstcin, Zeitsih phijmkal Chem , 1900, 54, 715. 
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%of Devillc, and these aiitliors find tliat tlio value of Hie ecjiiilibrium 
constant K in the e(|(iah*on 

K |(‘0,|/|C0J X |(),|i 

(wlu re the brack( (s (h'liole jn-cssiin ^i) is aboiil !■, svliicli eorrc- 

spoiids to a (lissoeiaf ion of aiioiit li7 per cvnt., Ilie h mi|)( i.il me of the 
llanie 1 )( ini; LMIOO i 2 (i 70 C.^ 

Tiu* (lissoeialion of carbon dioxide at \ei\ h mpc iMliires has 

been detenniiied by HjeiTnin,“ bv an c \plosi\c nu I bod, to be as follows : 

T. “ abs. . . . l.>00' ‘JST't ;ni(H 

Dissociation per cent. . OOl- ‘J1 0 .11 -7 iM 7 7<M 

* Carbon dioxide is dtcoinposeil inli) caibon nioiioxidi and oxy^^cn 
})y nu'ans of (hchie sparks, a fact (irsl obscrxcd b\ lli‘nr\ ■* ; whilsl, 
Bnff and Jlofin.inn * foinul that llu* d< c(nnposil inn is inoic lapid it 
steel elcelrodes au nse<l, since thesi* eninbiiK willi I In- libeialed o\yfT(*n. 
Kveii llieii, howexu’, lli** (h'coinposil mn is not eomphle,’ bill il rises 
to 0.5 per cent, wlun the [nessiii** is icdiieiul In 1 nnn '* The siiiMit 
ehetiie diseliaitjeJ nllia-xiob t li<:lil/ ami radnnn lass ' also di eoinjiose 
carbon dioxide 

Caibon dioxub* is (heoinpostd by pnrelv eheinieal naans bv iKalinjjj 
sullieientlv elect lojiositix e inelals in the j^as. Aliinmiiiiin, foi instance, 
reduces the ijas aeeoidini( to lh»‘ k fiction . 

2\\ \ ACOj I ;u(), 

and a piece of buinnux inaixm sunn iibbon eonlnuK'. to burn iii the 
yas xxilli s(‘paralion ol caibon, thus 

((>2 ; ‘JMid) i C. 

xxhilst potassium bums In illi.iullx in a slKaiu ol eaiboii oioxidi' xxith 
forinaliou of eaiboiiali and stp.uation ol e.irboii. thus: 

OCO^ ! IK iMxA'O, ; t 

Jhsotjftitui Sprrhum of i\nhou !)io,U(}(‘ Caibon dioxidi* is a 
colourlc'ss ^as xxineh slioxxs no xisible absoipliou spe(‘iruin : ixxo 
absorjitiou bands oec iir, lioxxi xer, in the infra-i\ d pai I of lh(‘ sjh elriiin, 
the inaxiuiuin mtensitus ol xxineh eoriispoud to llu x\a\< linulhs ‘J G 
and I- oO fi. The alinosplare shoxxs these lines, and Ibex aie shoxvn 
also by a llanie m xxhieli eaibein etioxide* is beiner pie)dueeel Since 
tliey rcprese-ul the* .disenjition of radiant eueijr\, ihev aie- the- x isible 
cxpVessieni of the jioxxe-r possessed bv e.iibe)n (Imsidi of hindering 
terrestrial r.idiation, xxliieli, aeeordine^ te) Aiihenius, has had a ereat 
intluenee' on elim.ile 

Sohihtlih/ of CoiUon Dio.vuh'. Water at aliuosphiiie tenipeiatiire 
dissolves about its own x'oluine (if carbein dieixide . The solubility 

Jlalic'i .'iikI /"/'»// al ('hnn, 66, 181 

2 lijtTiiiin, Zt t(''( Il fihi/'il'il (^Innij l‘HJ, 79 ? ’t.l, *>.17 
® Ilcui\, I’liil Ti'iii'^ . Iseiei 
» OeilT aiiel linfin.iiin, Woo (’hnti Sn> , ISIM), 

* J)i\on aiul Lowe*, Tntn,'^ ('hnu l^o' , ISS.i, 47 , >71 
0 Cejllie*, y'/or ('him S<» . lilUJ, 17 , KiS 

’ Broelic', I’liil Tmus , 1H7L 164 , M, II"M. Ofu m Snr , 95 , :{<) 

B OmelwitL, Iteiiii'.leotloiii, .eiul Cliapiiuiii, Plot C/u m Stu . UKh), 22, , llcrchc- 

fiiikcl, (lompt rcn/l , 149, 

® Camproii and Ramsaxx Tunis ('lum Sin , IMOS. 93 , 1M)7 , 

An«stioin, It zre/ Annnlrn, ISUO, 39 , :Hi7 , Pa^chm, ]\ ml Annuhn, ISOlt, 50 , 409 
1894, 51 , 1, 40, 52 , 209, 53 , ‘.m 
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cm’fTicicnt c was determined by Bunsen ^ at different temperatures 
with the f()ll(nvin|T results : 

Tenijieralure C. -- 0" 5*^ 10 15 ’ 

(• 1 70(*7 1 1107 1 IS 1.7 1 ()Oi>o noon 

the «»ent'iai ((piatHHi beini' : 

c - 1 7007 - 0 0770 1 / + 0 OOlOfJt/-. 


Tile IblldwiMir \alnes have been ohlained more neenlK hy Bohr 
and Boek ^ {c \ol. jU'r \ol. ; irrain jut 100 ^nams): 
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1 ;} 
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05 
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0 007 1. 
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0 0.S02 
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0 1001. 
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0-100 

0 0702 

17 
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01815 1 

00 

0-050 

0 0.777 


At low pressures llie solubility of carbon dioxide in ualer accords 
willi Ibnrv’s law , but at hioh junssuKs solubility does not kuj) jiaee 

with pnssiiie, so that llu- lalio ^ dimmishts insliad of remainiuif 


conslanl. The rollowimr icsiills were oblained by Wroblc wski * 
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^ HujiM'n, ftfifomrlnsrhr Mrihf)(ien, 1857. 

“ li<»hi find Hock, Wird \nnalfl», 1891, 44 , 318 
® Wioblcwski, WipJ. Anmde7t, 1883, 18 , 290. 
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Sander ‘ finds, however, that JTcim'’s lau is I he more ii followed 
the hiprluT the tenipeiatiire, and that af 100' llw nili.hilily of carbon 
dioxide in inosl si>l\ei.ts is piopoi litHi.d lo Ihe |i!(“ssnii . 

When eaibon dioxide* has bei'ii dissoK cd m w.iUi imdei pie ssiire - 
as, for irislaiiee, m the inamifaeliiK* of iniiu lal w.ilus I Ik* e\(*i ss doi*s 
not iiniMi<liat( Iv l(*a\(* tin* solution njion lenunal of Ihe ( \eess of 
pr(*ssMr(*. 'rile slate of siipi isal ina ! kui is, ho\\e\ir, distiiibi'd by 
parti(*les of dost or a roni^di sml u*e. 

A erv-slalliiK* ludiale,' ('()^SII.,(J. is fornu'd fioni ^\al( r al about 
O'’ and carbon (hoxidt* at atm , wliieh is peinianeiil until llu pitssiire 
is r(*dueed to 12 7 aim. The hxdiale max. ho\vix<i. be CO^ Oil 

The solubility of eaibon dio\id<‘ in al(*oliol is moK Ilian fxxice its 
solubility 111 xxat(i ; it is;r|\(ii |h( (xpicssion * 

e - t .T2!)f -- 0 00 120/ |- 0-00I2.r, I'- 

This ^'as also dissolves in manx ollui oiLfame seilxiiils m all i»l‘ xxhich 
it IS ehsliiK'llv more* soliibh* than m xxahi. 'I'Ik el-pnssion ol the* 
fie*< /iiiLf-poiiil e)f ben/<*ne‘ aiiel aestie* ae*iel bv dis^ol\<d e*ail>on elmxiele 
shows ih.il this siibslaiies* posse‘ss«*s lh<* iioimal iiiolieiilai weiirhl in 
the'se* solulions/’ 'I’lie* seihibihlx eil eaibein eliosieli* m e*olloidal h(|Uiels 
anel iine* siispensieins has been inx e*sl urate el bv Fiiidlax, C'le i‘rhle)n, 
Sh(‘n anel \Villi<inis,'* anel the* inline ne*e ol ne)ii-e*lee*l lolx le s on IIk* 
seiliibilitx eif this ^r.is in xxal(*r bx Tshe r ^ 

Carbonic Acid. -WIkii eaibon elieiMeh elissolx e s m w.il< i it piodiieis 
a feeble* ae*id x\Iiie*h Imi ') the* e’oleini of oielm.ox blue lilmus a port- 
xviiie* reel** anel elise*haiir( s the e*rimse>n e*oloiir ol phi nolphi lial' in, but 
scarce Iv afIVels me llixl oramre*. 'I’liis ae*iel is (nii la) cMibeinie acid, 
IIX’O.,, foiine*el by the* hx dieixx l.d leni e>l (*.iibon eheiMele*. Ihiis 
('(), 1 11,0 •^CO(()II)jj. 

\Vhe*n an aepieous solnMe)n <►! e*.ubonie aeiel is boileel Ihe* ae*id is 
ceiinplelelv ele e*e)m|)eis< el, wilh the ese*ape* e)f e*arbon eliosieli , sei liiat 
the* oiuriii.d e'olenir eil an melieator, which hael been e*li*in^nel by I Ik 
carbonie* ae*iel, is leslmeel, 

'J’lie* aeielilv e»f e.ubeime* aeiel is eliie* lei its elissoeial lein inlo the lon*^ 
II anel IICO thus : 

ii.co, -- ir 1 mo.,' , 

an 1 the* e \te nl le> x\liie*h Ibis le-aeliein has t.ike n pl.iee xvhe n e'e|nilibrinni 
is re ache el is inelie'ate el bv Hie* e leeliie* ee)nelne*l i\ il x e>f Ihe* solnlion. 
'I’nis coneliielixitv was measiueel, liist bv Jh’e iflei,’' later bx Kneix,^'* 
and also bv Walke r anel (’eiimaek." 

' S.iinlti, ZfU-tih {iliii'.ti.ifl ('hem , I'.irJ, 78, ~}\ I 

“ \\ i(tl)I< II jt,/ ISS.‘1, i8, UtXl , lie mpi I iiml iSe ii|i>l, />» r , I .s'IS, 31, 'JfieiT 

^ Vilified, ( ffiiijil mill lS‘il 119, ;{I,S Ann /'/.e/f ('fnm , 18 !I 7 , |v'i|, II, I’SJ) 

* lli'iritii li, 7 . 1 '! ifi phi/'itfiil ('him . IsMj, (>, 

'• (.Jueflli anel i'.ile 11)1.1, idi It Amfil /.mm, Unit, le], ij e, 110 
** I’liidlix and (’le’ii'liteiji, Tians (him , I'llO 97, ,").'{i) . j'’in'|l.i\ ,uid SIi< n 1012, 
101, ill’)'.), Finell.iy anel dliarns, llll.'J 103,0.51), he-i .lUo lindlie ai'd I\iiiu[, Tiam 
Chem Sue, IDl.'l 103, 1170, lOlt, 105, 1207, aUe) rmdl.i\ and Unwell, Ttani (’hem 
Soc , 19 li). 107, 2S2 

’ U*^hiT, Tunis (’hem tlor., 1910 , 97, ()i*. 

^ Water .satuiatcel with carhon elioMelc hhould linn lllnnl^ the> full ;u id i oloiir. 'I'liat 
it eloes not is prnbablv iluc to the* ])ri*'.< nee* of ohalKj iinpiuilj in the* litmus 
® Pfeiffer, .inn. Thys. ('hem , l.s.Sf, 23, 1 ) 2 .") ^ 

Knox, Ann. Phys. Chem, ISOa, 54, 44 . 

. Walker anei Cormack, Trant Chem. Sor , 1900, 77, 8. 
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Th(‘ following results were obtaiiu'd by Walker and Cormack at 
a tcinperaliire ul' IS ('. • 
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(Osl Wald’s dilution law 




Tlie fiimres nndi r y eoiiMV no inroiniahon as lo llw* di l^u*!* of 
h>dio\vl.il ion of llw e..rbon dioxide m soliihon lli.il is .l^ lo wlial 
])i'opoilion li.is bi i n eomerled inlo sonu ol which is siil),i- 

(]iU'nil\ (lissoeialed, .ind whal pmporlion kiii.iims as t l)j , llw'V show, 
h()weMi,llw ratio of llw eone* nl lal win of 1 1 ions lo llw pos-ihh coneen- 
tralwin if all the eaibon dioxwh win* pn^nl as dissofi.d'd eaihome 
aeul. 

Since llw* slu'ii^lli ol an acid is nwlieali<l Ihe iilali\( nia\nMliwl( 
of ils disstii'ialion (*onslanl K il is iiselnl lo eoinpaie Ihc I'l 1 di\ i sin nulh*. 
of eaiboiiic and oilier acids. 

In llw lahli* on llw* op|)osiU* jiai^e are iii\en llw dis^oi i.d ion eon- 
slanls ol llw* more coininon W(*ak inoi^anic acids, to-wllwr willi 
th(*ir pcicentam lonisalion in (hciiioinial and c jitinonnal snliil ions, as 
caleiilaled by llie aid of Oslnald’s dihilion h.rniiil.i ((’n/c The 

values foi h\ dr(K*hl')iic acid .iie ealcnlal<*d diii*i*l lioin llw* i*onchic- 
tivily al Ihe abo\ e-inenlioiwd eoncenlr.il ions and at indniU dihilion. 
These lii^nins are of jiiaclieal nlililv. 'rims, il (fjin\ahnl (iiianlilK’s 
of acelie and eaibonie acids eonipcle lor an e<pii\alenl ol a base in 
dccinorinai sohilion, wi* an* abh* lo say that llw* base will bi* shared 
between‘thi* acids in the lalio l-;i : ()-2o, the acetic a(;id thus takin^r about 
live times as jiiiieh of I he base as the carbonic acid. 


^ Tins Bciios, \ol 1, p 
2 WalkoT, 7';aM9 iSV , IflO'i, 83, 182 
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The* t ()l lonisjilion ()l llu skoihI ]t\ diotrt'n .iloin oI II luis 
been fsli Dial ( li 1)\ obsc i\ » is. llu* mosl idialtK valiK* ^ Ixui^^ : 
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(\);' II 

ii(’()/ 


0 i()->' 


Tb(‘ “1ni(‘ slr(iii;lli '* <»!* (Milionic acid has l)((ii (sliinalc'd by Thiel 
and SI iohe('k« r Hv (iu '■‘line sh»ni:lh“ is nnani I In de^nce of 
ionisalinn oi llu* IKC'D, aelnallv loinu'd lallnr III. in IIk' lonisalion 
y illi i< l( ic nc*< lo (’Oj diss())\ ( d li lias lx < n ibnnd I lial in ;i 0 (HKSri-AI 
snliilion dl' (miIxui did\nleal I (' onl\ 0 (>7 pel (•( nt is pu s( iil as caibonie 

acid 'rjie “ line* sIk imlli " of carbonic ;icid I'. lli< K fore linu's ils 

M (m 

slreiifrlh round li<nn eondm 1 1 \ il \ nn .isuieiin ids. 'I’hiis ilie lnu‘ 
dissocial ion coiisl.iiil is a 10 * insb ad ol’ 3 10'', and lln* acid 

is foniid lo l)e Iwice as “ stioiiir ” as l(nmic acid Such .i conclusion 
inichl be .‘iidicip.ib <1, snici* c.iibonn* ai id is h\ di o\\ i'ni imc acid. 

The Carbonates. C.iibon thoxide ini«dd be expiclid lo nnderpo 
livdrow l.d ion in two sbe.Ms, inodncmc nspcclntlv iik I iicaibonic acid. 
('0(011)^, and oilhoc.iilxnnc acid, (’(OIIi, 

It has been shoun, ho\\t\er, th.il t\ui Uk roinici acid is nnslabh*, 
and luilher the lallci acid iioi its inoii;anic sails < \isl. AIk\l orllio- 
carbonates are, ho\M‘V<'r. known, < Ihyl oilhocarbon.ile, 

1 N(>\i.s, ('iininfn ruhhuitiim, X«» Oil, OMiT, j»p 1117, ‘JliJ , Znl^dt filn/fttLul Chon, 
1010, 70 , Sim* 1hn SI 111*- \i>l \ m, ]» 10") 

- Si’O illlS HI’M* M, Viil i. [» JJl 

•* Kohliaiisi h anil HiiIImiiii, Zntsfh fthi/'tiLnf f '/.t Is'il '{Jl 

* Walkci and Cnrmaik, Inniy ('hon , J'Mio. 77, 7 

® Tliicl and StiulxM kft, tulf infia 

'• Caloiilatr-d from dala gi\cn 1»\ Lunden, J Clinn phi/'^ . JOOT ,17 1- 

’ Auerbach and Pick, Knonhdi (•> '^nmfhfiCtnnt 1012, 38, |i\ ], .7l)J Sim* 

also “ G'cncial Kquations for tin ^i iitialr/ation of PiIkisic Adds, ami tin 11 l\i to Calcu 
lato the Acidity of Dilute (’aibonate SoliitioiH,” \'. D It PiiddiUN. Pror Hmj >S'o( ,1015, 
Af 91, 635. 

• Thiel and Stroheckcr, Her , 1014, 47, Ot.") 
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Carbonic acid, H2CO3, readily decomposes into HgO and CO2/ 
and the car})onatcs tend to nnd^'riro a similar reversible reaction : 

MCO, H- (’()>. 

The si ability of a carbonate de pends on Ih'* strentjth of the base con- 
taiiK'd in it. Thus Hit* alkali carbonates are seaveidy decomposable 
at a white lieat ; the alkaline' earth carbonates lose carbon dioxide 
at a red heal, barium carbonaU* being th(‘ most stable of the three; 
carbonati's of magnesium, zinc, copper, ( le., lose carbon dioxide ev^n 
more iwidilv, and are prom' to form basic earl)onat('s, the formation 
of th(‘ normal salt bv precipitation reqiiiiing tlu' presence of excess of 
carbonic acid. Metalloids such as tin and antimonv, and extremely 
elect lonegative imtals lik(' gold and ]datiniim, form no carbonates. 

The carbonates of the alkali nu'lals art' readily soluble in water ; 
other eaibonates arc very slightly solidde, or practically insoliilile. So 
far as water can act on earbonatt's, it hydu)l\s(s tht in into free base 
or basie salt and fne carbonic acid or Jiydrogen salt. Tims sodium 
and ealeinm carbonates undergo the following reactions with water- the 
former considerably, the latter, ow mg to its small solnbilit y, very slightly : 

Xa/’Oa ::tXa()II -f- NaTICO, 

( a( O., -f 211./) ^ Ca(()1 1).^ + Ca(riCC)j)2. 

The former of these reactions has been carefully studied. It may be 
otherwise reiiresi'nti'd : 

Na/^O., :fi 2Xa- + CO3" 

c();' -i-n20;-0Tr d-iico;. 

The extent of hydrohsis in arpieons solution is indicated by the 
amount of alkalinity de\ eloped, that is bv the ex(‘(‘ss of OIT o\er 
ir 10ns in lh(' solution. Siieh alkatinity cannot lie estimali'il by titra- 
tion because the dislnibanee of e(piilibrinm by tlu* addition of IT 10ns 
is aeeompann d b\ fnitluT Indrolysis till ecpnlibrinm is restored. 

Th(' sapondiealion of an estir, however, is a reaetion which may 
be utilised, since neither II nor Oil' loiis are tlureby added to the 
solution, and the rate of such saponitication is dirietly ja'oportional 
to the concentration of OH' 10ns. This method has been enqiloyed by 

N 

Shields,^ who found that the .sodium carbonate m a solution is 

hydroly.sed at 25° to the ext'-uL of ,'M 7 per cent. 

IJicaibonafcs. — Only the most i h elropositive metals form biear- 
bonat(‘s or hydiogeii carbonates. The bicarbonates of the alkali 
metals, excepting lithium, are known in the solid slate, and are less 
soluble in water than the corresponding carbonates. They show a 
progressiye stability with increase in elect ropositiveness from sodium 
to cirsinm.** 'rhe bicarbonates of lithium, calcium, strontium, b.arium, 
and feirons iron exist only in solution, and are more soluble in water 
than the noimal carbonates. 

Double or Complex Cmbouates . — Salts of the type MKlT(rOj)jj, 
where M is cobalt, nickel, or magnesium, were obtained by Deyille,® 

^ Shields, Zuhrh. phynkal Chem.^ 189.1, 12, 167. 

■ Caven and Sand, Trans. Ckem. Soc , 1911, 99, 1359; i914, 105, 2752. 

“ Devillo, /1?oi Chtm. Phys., 1861, [111], 33, 75 
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and were converted into salts of the type MIC 2 (C 03)2 by iK'atinjjj their 
solutions. Other complex salts of the same type, wliosi* constitution 
is probably K COj-M (’Og-K, wire prepared Iin Keynolds.^ 

The metallic carbonates, biearbonales. and eompliA eaibonates 
will be dealt ^\llh under the indiMiIual metals. 

Physiological Action of Carbon Dioxide, dlesinial ion in man 
is directly nl.itid to the pio[)oition of carbon ilio\ul<‘ in the air of tlu‘ 
lung aheoli. llnsithing ri'giilates the lluetuatioiis due 1o Narung 
carliiui dioxide ])rodu(‘tion within the bodv, or \ ai \ nig e.ii hon dio\id(‘ 
jiressiires in th(‘ iiispiriHl air; and thi‘r<‘ is maintaiiiMi (lining ri'st a 
ii\i‘d jiarlial ])ressur(‘ of about .jm; jiei cent, or K) niin within the lungs. 
A rise of about 0 22 pereiait. oi TO mm. in this pHssiiie incKases tlie 
late of bre.-ilhmg by 100 per cent , and a eorri'sponding dnnnniti(»n of 
.alveolar carbon dio\id(“ e.mses apnoa - (eessalion of n.ilnial hie.ithing). 

“When the ahaolar eaibon dio\id(‘ reai‘Iu s ahoiil S |)ireeni. 
diz/aness and loss i^f memory, ( Ic., lx gin. With higlu i p(reintagis 
th< re IS loss'” of eonseionsiK ss, hut no inmudiati' danger I ill the per- 
eent.ige e\e( « (Is 20 OI 80. Ib'ctivcrx is rapid .md eoinph te.” 

The a(;jtion of carbon dioxidi* wilhni the blood (Upends upon tin* 
foimation of laibome acid, and tin eonsiipu nt hvdiion (‘one( nl lal ion 
reaeh( (1 by this acid. .Vpait fniin the lliiehial ions e.nisi'd by \arMng 
carbon dioxaU* pressine. this eoneenlration is legnl.iled with e\([iiisite 
exactitude, ehiellN b\ tin* kidiKNs.-^ 

As H'gards th(‘ ulali ui Ixtweui oxygen and eaibon dioxidi' in the 
blood, oxyg( nation of lh(‘ blood in tin* lungs In Ips lo dii\(' out eaibon 
dioxide and increases by about aO pia cent. th(‘ ainoiint of carbon 
dioxide gi\en off al < aeh lonnd of the enenlalion , whilst the de- 
oxNgeiiation of tin* blood in tlx* tissius lu'lps the .li, sorption of 
carbon dioxuU* and dimiiiislx’s by about It) per e« nl IIk use of carbon 
dioxide pn ssiirc' and of h\diion eonei nt lat ion m lln miious blood. 
Thenei* it follows that the giving off of eaibon dioxidi* b\ tin lungs is to 
a large exlenl eonse(|Ueni on the taking up of oxn g( n ’ 

Detection and Estimation of Carbon Dioxide, ( aibon dioxide* is 
detected by its action on lime-water, which it tin ns milky owing to 
the pri'cipital ion ol ealeinm (‘aibonate Hatvla walii niav be used 
instead of Inne-watu. Owing lo ils fornialion of a U i bU acid with 
water, carbon dn)\ide turns the colour of blue litnms solution,’'* or 
moisUned lilnnis paper, to a porl-wiiK* ii d. On boiling llu solution, or 
dr>nig the jiajicr, the bine colour returns, because ol llie deeoniposilion 
of the carbonic acid. 

Carbon dioxide may be estimated: (i) gasoiiK I rieallv , (ii) giavi- 
metrieally, (in) titriim trieally. 

(i) The proportion of eaibon dioxuU m a gaseous mixture is esti- 
mated ])y tin diminution of volume which lak(s |)lae(‘ when a nu asured 
volume of the g.is is shaken with eoncintiatid j.otash or soda solution, 
or allow'ed to stand in eontael with the nioisliiKd solid alkali. All 
other gases w'hicli combiiH- with alkali, such as siilphiir dioxide, intiogeii 
peroxide, and chlorine, must, of coursi*, lx .'ibsenl from the mixture, 

^ IloynoldH, Tnt»>> ( h, m .Su. , 1S«1S, 73 , 2<)2 

* C'ainpboll, lI.iUliiiu', an«l Jloli'.nn, J J^hymvl , lOlU, 46 , ItOl 

•* Private ctxninuuicalma 1 1 oin J)i .1 S lialdanc • 

* Chiistiaiisen, Douglas, and llaldaiK’, ./ I^hy&iol , 1914, 48 , 241. 

* See note • on page 129 
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The estimation is carrii‘d out by the use of Ilcmpcl’s or other apparatus^ 

for jjas analysis. 

(ii) (arbon dioxide is estunaled jTravinietrieally {a) by the loss 
of ^^('l^bt eoMsecpient upon Ihc e\olution of llu* {^as from a carbonate, 
(b) by the diieet weii'him^ of such e\ol\ed <^as afUr its absorption 
by alkali, (r) by convert tlie evohed earbon dioxid<‘ into barium 
carbonate, winch is Wii<fhed. 

{(i) The amount of carlion dioxide in a carbonate or mixture of 
carbonates lu.iv occasionally be (stimalcd by ignition. For instance, 
the ])r()porlion of chalk in a mixture of this substance with ipiick- 
lirne niiijht be so eslim.ded ; hki'wise Ihi* pioportion of sodium bicar- 
bonate mixed with carbonate, bv reckoiun*' tlic loss on i^mtioii'as 
carbonic acid (Il.X’Oj)* 'I’his nu t hod, howexiT, is of limited applica- 
tion unless means are taken to retain th(‘ water which is fri((uently 
])resent in basic carbouatis, and would also be exolvcd on ii,nulioii. 
More often the carbon dioxide is e\ol\(d by the action of acid upon 
the carbouat(‘ coutaiiud in a s})ecially constructed appar.ilus such 
as that of (ieissler or SchiottiT. \Vlu‘n the action of (lie aeid is com- 
])leted the result mt; solution is w’armed, and air is tlu n aspiiated thioiiirh 
the apparatus to displaci* the remaining eaiboii dioxide*, loss of water- 
vapour beinjy prevented by causim^ the* (scapini^ air to bubble Ihioutrli 
coneeutiated sulphuric acid. The loss in weieht of tlu* whole appaiatus 
is the wei^Mit of the earbon dioxide* e xpe Ileal. 

{!)) A meire accurate, anel iiieleeal the meist salisfaeleuy, w.iv of 
e'stiniatm^ caibon ehoxiele* is lei cause the* e‘\e)l\e*el i^ms to pass Ilireui'^Mi 
drvin^r tubes contaimuir sulphuric acid or caleuiiu e*hloiiele', aiiel then 
into stremi; peitash seilulieHi ceintaineal in “ peitash bulbs,” te) which 
is altacheel a small calcium ehlenieh* lube* le) retain wale‘r-\ apour eaiiieel 
Idrwaiel by the* passiuif i^as. This metheul is e*m])Ioveel for the* estima- 
tieiii eif carbemales, which are* de*compos(el by aciel ; and also for ele te*!*- 
miniu^ the* carbem anel h\elre)e^en pi(*se*nl in an eiiijame* e*ompoimeI. For 
this pur|)e)se* the coiupeuinel is burnt in a stream of air eir e)x\Ljen in a 
comlmstion tube* witli the* aiel eif coppe*r eixiele*, the* resulliui^ w'ater- 
vapemr beiiis^ abseirbe'el in calcium e*hioride and the caibeui eheixide* m 
potash. Soela-hine* ceintaine’d in a F-tube* teijre tlu r with calcium clileii ide*, 
to abseirb wate-r-x aponr from the* seiela-lime*, may be e inpleiyeel in place 
of peil.ish. 

(c) The ameiunt of carbon elioxidc in a ^nise'oiis mixture* eir in aepicous 
solid lem can be e*stimaled by c.iiismer it to re-act w'llh ammeiniacal 
barium chleiride solution, and then care fully cedleeliiiH, washiuf' with 
('Orfree* water, elryinjr, anel weie;hm<f the resultm^r baiium carbemate. 

"(Ill) The carbein dmxide in a e^ase-ems mixture* — as, for instance*, in 
■iir — IS deli*rmme*<l by tilraliem (Pe*tte*nkole‘r). A measured yediime* 
e)f staiielarel baryta W'ater is aelde*d in exce*ss le), and shaken with, a 
kneiw'ii veihunc of the* ejas m a lari(c bottle, and the re-maimiief b.iryta 
is then titrated with staiidarel aciel in presence of jihenolphthalein. 
From the amount of baryta carbonate*d the amount of carbon dioxide 
in the j;as is calculated. 

Alkali carbonat(*s in .solution are also e*stimatcd by well-known 
volumetric methods. 

It has been hliown by Warburg ^ that a hot seilulion of barium 
hydroxide absorbs carbon dioxide far more rajiidly than a cold solution, 

1 Wa-rburp, Zcitwh pln/sioJ Ckrm , IflOO, 6i, 215 1, 
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and that l)y this means small (jiiantities sjieli ns 0 001 j^nain may be 
rsiimal il 

D.i\hs iimi Mel.' Man ‘ h.i\t‘ (hsciilxd .i modilie.il uni oL‘ lIi* Liinj^c- 
Zeeknidoil milhod ol' ( si imidm'j e.irben <lm\id( m lln .m. ilepi lulin^ 
upon 111 “ iiiiiuber of slidki s ol ;i piimpfhnm^ ."iO ee ol jii* pirshoke 
tlirouLih sl.md.iid b.iivl i w.d'a (onl.i'Mim' phi iiolpid li.di in, whieli are 
neccss.uN lodienlmiM Uu sohilion 


iMiiu viJiiOMc A(’ii) \xn rrs s\i.rs 


Per-aeids an d(n\ali\<s of hxduMiii p loxidi ;md, lik(‘ llial 
sul)s(;mei‘. (Mill, III! 1 (ham of l\\o "W'M'n .iloms 'This eliaiii may, 

lio\\<\ii, oi*r*iip\ III miiinal oi .m < \l iii.d josiiioii x.illi iiliiiiiee to 

III' iisl ot lli( mol' eiilc . lh( dill* n iie« is iliu liil>d on |»' idi- ami 
pi niloiio-siiljiiiiine .leiiK. Ill Me loim.i m uhuli IIk ovV*;'!! i ham is 
mil 1 nal, m I he lal I' i in e« * aid\ < vl* i iial, imi oid\ of lie i wo li \ dioireii 

aloms ol IPO^ 1)1 iiiLf iiplaiMl b) an .leidie uioiip, lliiis 


0 ^O.OIl 

1 

0 so, oil 

1 

1 

0 .SO.OIl 

(^11 


r. I'll Illl'IlUl- I- 1«1 '!■ illlillMIh U'lll 

Il ma\ b. Il III. lik'd lhal lln foiimr in piip.ind il el rob I leally 
and 11 >nHs liom lli iiuioii ol Iwo OsO.Oli 'p.nips .il ihe anode, 
wIiiInI 111* kilhi iNul.iaiind l)\ ilniiiiiai im.ne 

'rwo pt le.ii lionii .leids ma\ •amiki'b In siipposid loixisl; 


() l(H)M 

I 

()--( OOll 
1 ! 1 .( 

|'( nil II lii.iiK .1' I'l 


und 


() I OOll 

I 

Oil 

II .CO, 

1*1 I Ill')ni" II li'illh* ,)i K? 


'rin liisl Inimnla m i\ iic.ippli-d lo Hie p- n .i H on.i 1 1 oblaini d b\ 
i 11 eliolx si> “ . .1 pt le.ii I’on.de oi odlti'ii' eoiisl il nl m-i ri'sulis fiem 

Ihe iimoii ol .1 iipi loMiji .iiid (.olioii dio\ide, lo w liu h Ihe s( eolid 
foi'innla nia\ b< .tppli'l II m'i\ i». iiohd .dso lli.il .in isomi r wilh 

, , Il <00;)!l 

Ihe loiim i* acid IS po^ al)l( , \ J/ O 

Polassiiim pi le iilioii.di , K.C/k,, ''as !iis( jin p.iied by Conslam 
ami Min Il.insin,* in isor s, b\ Hu «lieliol\Nis of a eonei nt rated 
sohilion ol jiolas'.mm e.iihon.ile al - 10' C. to 1.) ( , and by siib- 
seipiinl heal mini w.is obl.iimd ni.iilv pun. 'I’lie lollowiiifr reaction 
ajipears lo lun • lal i n pla<s 

K(H OOK OCOOK 

-2K ; I 

KO( OOK (KOOK ; 


and Hie prodiiet was a blnish-while, amoijihoiM jiowdi i, stable al 
almosplu ric Uniixialmc in lIu drv sl.ib, luil dicompoM-d l>v cold 
w'atcr with the exohilion of ow'ieii, which conus oil in .i eonlimioiis 


' IUmcs nml Mchlhii, ./ -V" < hnn //, / , I'lUJi, 2 B, J.Ji. 

^ llach, J. Itu'-s f‘ln /9 Soc , lsM 7 , 29, 37 . 1 ; C/k /• Ziuh , lS'i 7 , |ii], SJ.S 

® €’011*1111111 iind von Hiiii'-i'ii. /fi/si/i Kh lAnithnu , Is'.l.-s, >, I. * 7 , 11 > 
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stream at 45° C. It is important to note that soclium pcrcarboiiatc 
could not be j)repar(‘d by electrolysis because the eiir))oiijil:e does not 
yield a sullieiently slrouf^ solution with watiM*. 

Alieniative iiielhods, however, of ])iT])aMM<^ sodiiiin peieaibonatc 
are by llie mlcraelion of sodium eaibouale and liydro^^eii peroxide, 
or of sodium ])(Toxide and carbon dioxide. Taiialar ^ employed the 
fornuT method, and isolated two salts haviufr the couijiosition 
‘iNagCOi .'31120 and ‘iNagCOj.lf > 02 .‘ 2 ll 20 , laiL was in doubt ^^lutller 
these were true pcaearbonales or compounds of sodium eailionate 
with hydro'^eii jK ioxuhx By the iiiteraelion of solid liydraled sodium 
peroxide and solid eai bon dioxide Bauer “obtained a percarbonate of the 
com])osilion aceoidiiiff to the leaclion : 

Na.O, SII .0 -I- CO 3 --Xa .CO, -j- STLO. 

By means of Indioacn peroxide Kasane/kv=^ has jirepared the 
potassium sail ‘iK.COr, SllgO or ‘2[(Iv-0-0 ) 3 CO|.r>IJ 20 and lh(“ am- 
monium sail XlI,,-0 O CO O XII, ‘ill^O ; vhilsl WollTenslein and 
Pcltner,'^ by Ihe inleraelion of soclium jieroxido and caiboii dioxide, 
obtained nol onK Ihr salt ‘iXa^CO, 31120, piVMoiisly jnvjiareil 
by Taiiatnr, but “sodium dioxide dieaibonate Xa^C^Og; and in 
other \va\s “sodium tiioxide dieaibonate” Nall(’(), or Xa 2 C.. 07 , 
anolher sail isomeric* vilh Ihis, and “sodium liioxide eail)i»n.ili‘ 
Na^t'O;,. Subseciuenlly Be llnir oblained Ihe followmir rubidium sails 
from the carbonate and liydro^jiu })eroxide : Bb 2 C 0 ,.‘ 2 ll 202 . 1 l 20 , 

BbgCO,.!!^!)^ ‘ 2 II 2 O, and ‘JBb^f’O, alLO ; and shoilly albruaids 
Riesenfeld and Bemhold,‘* after preparm<f jiure potassium percarbonate, 
KgOgO,,, by (Ketiohsis, attacked the problem vhieh was picssnifr in 
view of tli(‘ su])posed existence of all the above salts, as to whether a 
true perearboiiale could be distiniruis'hed from a coinjioiind of a eaibonale 
with hydro« 4 (‘n peroxide'. 

These aiilhors found lliat the' ikeliohlie peicarbonate* imniedialily 
liberates iodine l'n)m a cold solution of polassiiim lodidi' without loss 
of oxy«,^u aecordm.ij to (lie ( (lualion • 

C 2 ()«" -! 21 ' 21 * 03 " -f- I 2 . 

This reaction is not due to the jnevioiis liberaliou of hydro;Ten 
peroxide*, sinie this siibslanee leaets but slowly with iiolassinm iodide. 
Tanatar's pi learbonate, howe\ i r, jirepaied fioni carbonale and h} dro;'en 
peroxide, libi rates ox^i^in when nuxi'd willi neiilial [lolassium iodide 
solution, and was tliiidbie supposed to be a eoniponnd of earbonatc 
and hydrogen pel oxide. At the same lime doubt was I hi own iijion 
the nature of Wolffenstem and IMlner's ptieai bonales. Thereu})oii 
ensued a eontio\ ersy betwTcn Bii'senfeld ’ on the one hand and Tanatar ^ 
and Wolffeiisli in ® on the other; at the end of which Biesinfeld and 
Maid” maintained that a true percarbonate can be distinguished from 

‘ 'r.m.xt.ii. IJiT , 18<){), 32, I.IU, ./ Huan Phyn. Chnn Sor , 1902, 3-^, 952. 

- jtuilT, ('htm. Zrvti , [ii|, 10.14 

•' J\ji>.in<vlvv, ./ Hu't'f Phij‘i (lain Nor, 190.1, 35, 57, 1902, 34, 202. 

* W oUU'nstcm nml IVItiicr. /3cr , 1908, 41, 280 
^ I’cUnor, lie) , 1909, 42, 1777. 

® and I’.finliold, Bei , 1909, 42, 4377. 

' Kicsenfi 1(1. llei , 1010, 43, .5(}(>, 2.594 
» Tamil ar. //o , KUO, 43, 127. 2149 
■' \V(illlfMisli-m, Ilir, 1910, 43, 0.19 
' llioscnlfld ,ind Man, Jkt , J91I, 44, 3589, 3595 
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carbonates containinjf liydroj^en peroxide of ei \ stMlIisalion tlie 
quaiititativo liberation of iodine from neulijil pol.issmm lodnlj* solution, 
and subseipii’iitly elassilicd earboi ales eonlaiiunLi pi lovulie o\)^en 
in the following "ay. (1) ciiboMat(s (■(•ntumiiLj peroxide 

ol cr\ stallisal ion, e jiij. ‘JXa X'O , .‘UKO^ , (“Jj :i;ono|)( low -eai bnii.des. (\f>. 
Na 2 ('Oi; (;j) peie.irbonales (iuonop( io\y-die.ii bouah s), c Xa^XO^. 
llu latler .salt, pn“p<»r(d lioin sodimn piioxidi and (miIKhi dioxnlc, 
since no .sodium piM'earbouati* e.ui lx* j)itpirel b\ tK‘eliol\Ms, 
(jillers 111 its l>i lia\ lour tou.uds jxilassmm lodidi , and llienloii* in 
const itiil lou, fmm (‘I< clioK tic pot.issumi pere.u bun.ili , e(iuse(|U( nllv 
Rieseideld and Man prepand <i |>otassuim pi leai !><>i a' < I mm potassium 
pcioxide and carbon dioxidi'. and (oiiud that it pos'^issid llu eomposi- 
tion KjCjjOfl, and n sinibled Xa^CJ),. m clienue.d n .ieh\ ll^^ 'I'iius 
two Isomeric potiissiiim pi ic.iibonati s win* luund to iaisI oiu* pii*- 
pared b\ eleetioI\sis which w,is b*lie\ed to I he (‘oiistilution 

KO CO ()()•('() OK, and the oilm piepaiid horn |inlassiiim pimxide 
and caibon dioxide to which the consululiou K( )()(’()()('()•( )K was 
attributed, and which resimldid tin onl\ i xisl uilj smlmm pi rcai lionale 
of the same cmpiiical (‘omposil lou. 

'J\) the eompound Xai'O, the couslilulion XaO ()('()( )\a was 
attributed, and cons, ipii nil\ il. cliohlic K .(\0,, and X.i^.C’O, stand 
111 the .s,inie Illation to one «uioi her ^is ]k idi- and pi i moiio-snlpljales. 
'riius : 


()('()()K 


() ( OOX.i 


0 ( OOK 


OXa 


Kli“CtloI\ III pelt ij IxirMtc. 


Alon.ipi iii\\ I nil 111, ill' 


()S()..()K 

I 

OSOJIK 

IN nil iilpli )(< 


I 

on 

IN I III! Ill) lllplllltl* 


Jiaiiuiu peie.ubonale is IbriiKd wlnn c.'rbon dioMih {.ms is [lasscd 
Ihroiiirh baiium piioxidi susp.udid in w.inr, Im IimIioh, ti jHioxide 
only aiipeai’s in ipiantilv in tin solution alt<i a eonsidualil. tune. 
The ^ms is lust alisoiln d to foim tin jx leailxaiali . and win ii no It.iiiiini 
peroxide remains the lii|nid ixconns acid, and tin* piie.uhonalc is 
hydrolysed with tin- hbiralion of liMlioiri n peioMih .* 

Pi rc.ii lionic acid its. It is \ 1 1 v uiis|al)li , but if 1 1. el rob t ic potassium 
])Cicnibonate is dicomposid b\ phosplioiic and m |»i.^ince of i ther, 
the hbei.ilid pircaibomc acid diss.)lMs m tin ilh i, and lioiu this 
ethereal solution tin potassium s.dl mas be n in i.il( .1 b\ addmjf 
potassium h\dro\ide. 

Percarboiiic acid iiiaN lx* cslim.itid by di composm.Lf its salts W'lth 
dilute .suljihmic acid, and litialmi^ the lilniabd h\dioi,nn piioxide 
with pcrman<]faniilc. 

* E. Men-k, D R.P 179,771, DccciiiIk-i Hhhi, uIm. 1)1(1' .ukI 179,820. 
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AMIXO-DHKIVATIVES OF CARBONIC ACID 


When llu‘ ln<lr()\\I {^lonps of (‘.irbonic* acid arc* r(‘|)l.ic( (l successively 
by annuo- (NII^) ^uoups there arc' produced respectixely carbainic acid 
and carbamide. 


/OH /Nil.. 

C'O^ co( 

"mih \oii 


('ail)onii‘ .u 111 


(^irhainiu auid 


CO 


/-Nil, 

'•MI, 


('irlfMiii'l'' 


Carbamic Acid, IIOCO-NIU, Ibe lialf-ainuh* ol (Mrboiiic .icul, is 
unkiiowM, bill se\(‘ral of its salts <\isl, the most impoil.iiit of which 
is ammonium caibamate, VIljOCONH,. 'I'lns salt is roinud bv the 
union of carbon dioxidi* with ammonia: 


CO, I ‘JNH, Nil, CO, Nil,, 

which is l)(‘sl ellirled })\ passing the mi\(‘d, di\ j^ases IhrouLrh absolult 
alcoliol. \mmomum (Miliamali' also (xruis. loirilhi i will) ammomum 
bieaibonale, m couiuk icial carbonate of ammom.i, pn p.m d by sublima- 
tion >\hen a moisldud imxluri' of (Mhaiim ('aibonah' and .umnoiuum 
sulphate is heatul , it ^ladiialb subimn s al almospheiie tempi lalure 
liom this compound, and is frujuinth deposited in liaiispau iil prisms 
n|)on the i* ek of the botlle conlainmij the comnuriial sail. The cai- 
bamale may also b(‘ oblaimd IVoni Ihi* coimniici.il sail by actm*^ 
upon il for thirty or IbrU hours with satiiraieil soliilion ol ammonia al 
20' ‘J'i’C ‘ : but dilute ammonia solution, like walir, codm its caibamal(‘ 
in solution mlo noimal caibonale. VVluii \aporisi“d. ammomum 
carbamate is complelelv dissociated into ammonia and carbon dioxidi'. 
This IS shown by lh(‘ \apour di nsity,*^ which is 0 .S‘I2 (air 1) Ix lw'ei n 
37‘^ C. and 100" (’. Itecombination on coolimf is slow, owiiiij to the 
neoess.iry intiamoleciilar chainin'. wSodium and polassimu carbamates 
and a basic calcium salt, Nil, CO-()Ca(011), aie known. Flh\l car- 
bamate, Nil, CO IKNIL,, is UK thane. 

Carbamide, or Urea, COiNII,),, the amide of carbonic acid, ni.iy 
be brielly notici-d hcic. 

Urea w'as discoxind by llouelle in 1773, iii\ csl nraled b\ Foiircroy 
and Vaunuclm in 1700, and prepaied IVom ammomum cy.inatc b\ 
AVohlcr 111 1828 : 

NCDNlli - COINII,),. 

Urea may be jirejiansl from urine by eya])oralion and i‘\traclion of 
the residue with alcohol; or by precipitating^ from the concent i.iti'd 
nrinc the sparinjily solulile nitrate or oxakite, which are subscipienlly 
decomposed by jiotassiiim carbonate and chalk respi cli\ ely. 

Like other amides, carbamide can be prejiaicil by the action of 
ammonia on the correspond in;: acid chloride, which is carbonyl chloride 
or pliosecne, COCl,: 

COCl, -k 4 NII 3 = CO(NIIo), -h ‘ 2 N 1 I jCl ; 

Duc'rs, TrunA (^hnn Sor , J,S 7 .‘t, 23, Jlii 
“ Nsiuinann, Annule^ij 1801), 150, 1. 

• Wohler, Votjfj Anmlcrij 1828, 12, 25.1. 
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iircci may also ho |)roj).iml IVom ammonium oaihiun.ili, wliioli losos 
water wlun healed U> i;30' lo 1 10" (’. : 

MI> MI. 

CO -CO ! II..(); 

OMIi Ml, 

but li IS hi'sl ohl.iiiKil lioMi ammonium o\.male aeeoMliiiif lo tlu 
transloi m.d ion <liseo\ti<d l>v I'oi Mas |iiii|)ns( jiol.issium 

'•y.m.ile Is liisl jnepand 1)\ oxidisuitr |)ol.isMimi ex.i'iid' l)\ liisiiiir il 
wiLli led 1< .id. or I»\ I he oxid.il ion ol pol.issmin h iioi \ .nude l)\ nn .ms 
of ])otassinm dieIuom.d( 'I’he p«»l.issiiim o\.m.ih- i, lli'ii (\ti.ioled 
with w,il< I and e\ .ipoi .ih d w il h ils < (jm \ .ilt iil ol .nniiiomiim shlpli.ili* ; 
and lioni liie inixtme ol pol.issuiiu siilpli.ih .nid iiii.i which lonns 
tile nsidiie the l.ilhr is ixti,i<‘t<jl hv nn ans ol .iK-oliol, limn which it 
mav h(‘ ei\sl.dhsid 

Orea ei\sl.ilhs»s m <pi.idi.ilie piisins which null al C. and 

deeom|)ose .il a linjlii r leinp<aat imx TIh' I i.iiisloi nial ion nf .nninommu 
evan.aU into nx.i is .1 kmi.iIiIi' r(‘a(‘lioM, .md tin in((li.mism ol tiu' 
ehaiiue li.is been Uk'shIiucI of uiik h n 't .11 e!i .ind IhioiisiiiL^* 

I 'i< .1 IS \ ( 1 V s(»hibl( 111 hoi .md eol<| w.il « i il di s<»l \ ( s in o parts 
of <'old and 111 1 p.iil of bmlinir .ile<»hol, bill is pi.ielUMlb in.sohibl'' 
in < llu I. 

nein<f lh(‘ aiiiah of a W( <ik acid, iik .1 li.is (list in(‘l Is b.isu* pinpi rlu s, 
alllioii^h ils .apKoiis solnlion is ii'iilial in ic'ielimi 

r}((i CO(MI,), IK 1. is lotnnd wilh Iln ( solnlion 

of heal bs' Ihe muon of IK’l e.is wilh iiK.i in .ibs* nee of w.iter. Il 
lonns cisslals sshieli aie oomph lels (heomposid bs wabi. 

Vu'd mfKift\ (’0(MI,), I INO Ihoiiixh iikkIi i.ih Is solnhli' m s\ali*r. 
is almost msolnlile in nihie aeid. .md is Ihi u hm loiim «1 .is a eisslalline 
pieeipilale sslu 11 this .leal is .idd* d l<* .1 snllioK nils conn nl 1 .iti'd solution 
of urea ; tlu roiin.ilioii ol' this '•.ilt is .1 eh.iiaeb 1 isl le K.ietion ol urea. 

Ci'Cd (U'dldfr. 2( Of MI,), 1 1 .C,0 , eissl,ilhs{s in monm lime plates 
W'heii eonei nli.ib d sohitioiis ol iina and oxalu* aeid .ii(‘ mixid. 

Reactions of Urea, ^^lu n iik.i is luabd abose its nn It m^-poiiiL 
il loses .mimom.i .iml is eonsciiid inlo bnii« I, N 1 1 , CO Nl I CO Xllg, 
and ollu r piodiiels “ Winn biiiK I x dissolsed m .ilk.ili and a diop 
ol' dilute eoppi r sulplwile solnlion is .iddi d to Iln Inpiid. a |)niple 
eolour IS piodnei d 'I’liis h ai 1 1011 eonsi il nt t s ,1 sahi.d»h l(sl f'oi iiua. 
lake olluT amides, urea is not (heomposid bs cold alkali, but when 
xvarmed with alkali hsdroxide solution il lonns aih.iii carbon. ile with 
esoliilion of ammoni.i. I'n.i lx basis similails lo ammonium sails 
towards hyjioehloiiti or hspobromile :md mliih solutions, t.v. its 
mlroircii is (‘solsid m Ihe (;as(ons slate, 'rims with hypobromite 
solution the I'ollossmir H.ielion tak(s jil.iee : 

C()(MI,), I JJXaOlb- -;3XaHr ] 2II,0 | CO, | N,. 

The measurement ol’ the mlroj^( 11 exolscd m this icaelion serves to 

^ Walker ainl ll.iml»l\, V’/fZ/M ('/niii Snc , 1S*I'), C7, Tin, mkI l\;is', ihuf , 

181)7, 71, 4S!) , UoklMhim.ll, FhllHufom, ii, .T . iM.tIr-,, Znl , 

1911,35, , Tkih-* ( fnm S<m , IMIJ, loi, 170, Wli'ctr,./ Atnn Clu.ni. 

*S*oc , 1912, 34, 1209, Lewis and |{iiirow.s, ./ Awtr Chcni. /SV,"1912, 34, 1515, K A 
Werner, Tran^ Chem. Hot , 19i:J, 103, 1010, 2275 
2 E. A. Werner, Trans Chem. Soc., 1913, 103, 2275. 
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estimate urea, thou^'li experience shows that the volume of nitrogen 

liberated corresponds to only 92 pc'i* cent, of the urea. 

The sinnlarity between the reaelions of ammonia and urea towards 
nitrous aeid is sliown liy the equal ions : 

2M1., 4- - 2Xo + 

COiKlL,)., j j\,(), 2N; -! 2li:0 4- CO,. 

The second e(|ualiou n^prest nls tlie icaehon bclweiii ^\aInl solutions 
of urea and nilrile , if the sohilions are cold oiilv lialf llii' aniino- 
mtrogen n aels with th<- nilril.(‘ and lli(‘ remamdi r appears as ammonium 
carbonate, lliiis ; 

2(’()(\1I,)2 4- - 2N, I (MI, ),(■(), 1 CO,. 

Conec'iitraled h\ dio(‘liIone aeid converts urea into carbon dioxide 
and amniomuin ehloiuhx evanie acid being an inlermcdiate prodiiel.^ 


CAKBOX DISCLPIIIDE, (S 2 , AND ITS DERIVATIVES 

Caibon disulphide is foimed ulan caibon and sulphur aie healed 
together, and is eonseipieiitlv jiiodiiccd whin coal eonlaiiiiug iron 
pyrites is dislilkd. In this \\a\ il w.is diseoMi’iil accidentalK by 
Lampadiiis - ui 179(), and again l)\ Cli'ment and Di sormes in 1S()2, 
who, after at lirsl supposing il to be a eonipourid of h\drogen and 
sulphur, subseijiienllv pioM'd Ih.d il (‘onlann d on1\ (‘aibon and sulphur. 
It reniaiiiid, Iiowexer, for Vauipiehn fully lo elueiilati* the naliiie of I Ins 
coinjioiind liy showing tlial when ils \apour is passed o\ei hi'aled 
copper, earlion .uid (‘opper sulphidi* rt'-^ull. Ih suit's oeeuiiing in 
small ipianlilN in (‘oal-gas, fioni winch il siioiild bi c'hininali'd, (‘arbon 
disiilpliidi' IS also found m crude pi'lioleiiin and in niiistard oil. 

Preparation. Carbon disulphide is prepared by passing sulphur 
V'apoiir o\er reddiol (haieoal. This inav l)e doni' on a small scale 
by healing jatees of charcoal eonlaimd in a conibushon lube plaei'd 
in a furnace slighllv tilli'd. To the lower end of the tube a Liebig's 
potash bulb is al l.ielu'd, and is imineisi d in ice. Small pieci s of sulphur 
are introduced mlo I he iipjiei end of tin tiibi*, which is Ihtn elosid 
with a cork. Sulphur \ap(nir p.issis om r the nd-hol charcoal and 
impure caibon disulphi(h, eonlaining sulphur m solution, is gradually 
formed and collects m the cooled rectuer. The revirsible reaction 

C 4- CS, 

has been studied at «SU()°-1 100' C. by Koief. * 

For the iiianufacliire of carbon disulphide on a large scale the 
charcoal is contained in a huge vertical east-iron eyliiuler 10 to 12 ft. 
high and 1 to 2 ft. in diamiler. This is surrounded by briekwoik 
and heated by a fire beneath, the sulphur being introduced through 
a hojiper connected with a side tube at the base of the cylinder. The 
carbon disiiljihidi* vapour is led away from the top of the c>lindcr by 
a pipe, the end of which dips under W'ater, where most of the product 
condenses. Beyond the water-condenser is a scries of tubes in which 
' See hnik*! Ljanic Acul 

2 Lampadiiis, (it him' s Alhf J. Chem., 171)0, ii, 192 
® Koiof, ZnUch anonj Chem , 1910, 66, 73. 
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the condensation is conij>Ict(d and the conipound thus freed from 
hydroi'en sulphide, ^^lueh is snh^cipiently ahsoilud in slaked lime. 

In a reec'iiL Aineiiean process^ eail)(>n disulpiiidi' is picpaied in an 
cleehic furnace wliieh jiindiiei s .‘*0(10 kiloi^rams pn dirnt. 

(Viide carlion disuli)hid(‘ lias a \(rv offosive odom doe fo tlie 
presence of orj^anie siilplmr compoun.L , snl|)hm, also, is eoiilamed 
in soliilion, which is h'ft luhind on redislilkil utii OiLl.ime impiirilics 
arc chmmal(“d by dislilhnj' omi* lal, whieli lel.niis lliem. Contacl 
with mercury, coitosim siibhmati*. solid polassmm jurman^riinatc, 
and iiminiiT nitric a(“id s(r\es (he same imijinsi*. 

Physical Properties. Pore carbon disnlplntl ' is a colourless, hnjlib 
rcfraclue lujiiid \Mlh a ])li‘asanl aromalie smi II Ksiniblmi^ lhat of 
chloiororm. Us ilensitv al 0 (’ , aieoidiiiL^ lo 'I'linijx.- is 1 *J0‘23 ; 
accordini; to Wnllner-' Ihe <l« iisily al / c.m be ealeiilated fiom the 
formula DJ, - 1 ‘J0.‘hi(> OOOCiOi)/ The \:i|xmii d<nMl\ * of CS.^ is 
‘2'GS, \\liilst dial col I’l s|)on(liai; to Ihi molKiila! wiiudil \Nonld be ‘2 62. 

Th(‘ boilin^--j)oml '* al 7(50 inm pi<‘ssioe |s, k; , aecoidiiiir to 
Heenanll '* Ihe \ .ipoor pn ssiiu s al dilh lenl li ni|)( ral on s an* as lollow . 


'J’nmp 

\ .IpiUll 

Jimp 
' (’ 

1 

\ ipolll 

'1 1 iiip 
( ’ 

\ .ipiiiii 

I'll -.SUK' 
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inin 


in in 

- ‘20 
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17 8 

to 

(517 .78 
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70 1 !• 
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8,77 07 

no 

11 (5 too 

0 

1 1*27 01 

(50 1 

11(51 71 

l‘20 

.71 1.S'70 

10 

lOS |() 

70 

15 *-2 00 

i i;5o 

; (5‘20l-(5() 

•20 

‘20S 08 

SO 

‘20.22 .78 

! 1 10 

1 7(508 00 

80 

181 ()‘2 

00 ' 

•2(510 OS 1 

1.70 

000.7 0 1 


The constaiiLs ^ lor van <hr Wa.ils’ e<pialion are : 

fi 0 0‘2100 ; h - 0 0();j‘20‘), 
and the entieal lempei.ilure and jiressure, ri specliv ( ly : 

‘277-(»S' i\ and 78-1 1 almosplieres 

At very low lem|)( laliires CS^ snlidilies lo .i ervslalline mass which 
melts at -110'(’”or -1()S(5 (’’’or 1 T2 s ('."' 'I'lu fusion curve, 

showmir ilu cornu elion IkIwccii luessuri- and niell m^j-pomt, has been 
dclerimiied bv Tanimann.“ 

^ EliUrochm . 9, (57'). 982 

Tltnifu*. Tran'* ('him Soc , ISSO, 37, lilt] 

® Willin' I /'"7'/ IS()8 133, |‘) 

‘ V .iinl (‘ Ml M r, Jin , IST'), li, 2277 
' Voii riinili, Znl^iJi tnion/ ('Jinn , I'lOJ. 32, 407 

* Sj(^ni iJf /’ IniiJ , 18152, 26, 2.5') 

’ n.inii.i\, /if"/ Sni , 1SS2, 33, 21 1 

® WnililrwMki ami OK/cwski, ('ifni/il finnJ , 18S2 , q6, 1112 

* Can am and (Vipimdnio, Zcil/n'Ji ]>Jn/'>iJ.iil ('Jip^h 1‘)0!5, 44, 379 
liollxim .tiiil Wmi, Znl'^rJi pjiii’nknl ('hnn , I'Mri. 44, 80 
Tanimanii, ZntstJi pJiynJ^I CJinn , 1912, 81, 1 87 
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The tolnl Iical of vaporisation ^ (X) of CSg at 0° into vapour at i° 

is ffivcii 1)Y the (\pr(‘^sIon ; 

X-:.S 0 .> I 0 -h; 00 : 3 / OOOIOK)!/^ \ 0 ()()()()();j:J‘JI.V‘; 

( ‘iiIdiu's pci K" 

whilst till l.ilciil hell of \aporisalioii (r) of li(pii(l at inlo \ .ipoiiraL/ 
is friven Hills : 

i so ri --()(»;.■];;}()/- 0 0010070 /- | o-ooooo;U‘Jir)/'*. 

(’.llnllcH pci Kl; 

The coiisl.iMt K lor IIh' nioh ciilar use of boiliii^r-poinl of carlion 
disiiljiliidc - IS 20 7 . 'I’lie specilie heal of iKpiKl eaiboii disiil^iliule is • 

(‘l,., 0 20 .V 2 + 0 000102 /, 

and of till' \apoiir at SO' -100 ‘ (’ is : 

(\.p - 0 l.V )0 (Iterriiaull), 

whilst Ihe ralio al 00 7 ' (' '* is 1 2 :M-. 

Carbon disulphide possesses hii,di oplie.d refra(*li\(' and dispersne 
})Ower, 111 whieli if is i \eeeded onh b\ nulhsleiii' lodidi , biomonaph- 
thaleiie, and jilu n\ l-miisl.ird oil. On I his aeeonid it is iisul for 
hollow jxlass pi isms lot iirodiieiiiLf spielra. 

'J’lu' followiiii^^ aie llie refr.ieli\e indiees ’» lor Inns of dilfereid \\avi‘ 
lengths of Hie Msilih' spielinin at 0 '(’. and 20 ('. : 


W.uc l.diglli 

U« fi 1* ti\c Itnicx at 0 (' 

la FmcIuc hull \ .'ll .-’0 (' 

5S0-:ti /.p (D) 

1 (;i.;j(;2 

1 (;2701 

.7S.‘l S7 

1 (;550S 

1 OJJS ( 7 

ISO 01 „ 

1 (;7i;h 

1 (>5100 

■|. 1 1 50 „ 1 

1 (;ss.‘>o 

1 07 1 .35 

.. 

1 

1-71 OS!) ! 

1 

1 1 TOISO 


Carbon disnijihide is an endoHierinie eompound, ils he.ds of forma- 
tion as vapom from rhombic- snljiluii and amoijihoiis carbon and 
diamond beim^ lespeel ivelv : 

C (amoiphons) | 2 S CS,(\ap.) — 25 , ISO calories. 

C (diamond) -> 2 S CS] (\ aji.) - 20,000 

Carbon disulphide is an cxeilleiil sol\ent lor fats and resins, and is 
employed leciinicallv for the extraction of vegetable lals and oils, 
and for removing fat lioin wool. It also dissol\<“S rubber, camplun-, 
and other organic subslances, as wa 11 as iodine, snlplmr, and |)hosj)horns. 

Carbon disulphide is slightly soluble in water, its solubildy dumnish- 

' U iiikclm.inn, I///1 ISSO, 9, JOS, S.^S 

^ Jicckinann. Ziitsr/i fifty vf.aJ Cluni ^ IS‘)0, 6, 437 
’ lIcUMJUilt, MJm fir rAtrvf , 26, 1 , 202 

' Stfvcii’., ,l//w rhy^fk, 1002 (i\], 7, 28 .J 
' Matow, l/f/f Pfii/'^ikj 100 . 3 , [ivj, 12, S .5 
® Th()insi*n, Znt-^ifi ft/n/'^ffal ('htm, 1005 , 52, .348 
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• ing with rising tfinpruituir like tlial of i\ g.is. One liimdnd cubic 
centiiiK'l r(*s of wati'i* ilissohc I Ik* ibiloumg (jiiimlil u s of carlion disul- 
pbulc ;il I Ik* coin'spoiidmg b inp( lidiin's ^ : 

Temp . 0 10' 1*0° 80 10' 10" 

Gr.mi c\s, . . oi*oi. 0 101 0 170 0 i:>:) 0 111 oou 

100 e e. of earlioii dl^ldplude dissolv c 0 07 1 e.e. i)l‘ w.ib r - jiI 2‘2 C. 

Chemical Properties, (’mboii disnlphidi' is iiol i .isdN decomposed 
by Ik Ml, and ik> eliMMg< is <»bs(r\(d ^\lu^ il is ))Mss(d llnoiiLiIi .i lube 
;fL 100 I)i eomposilioii max lie slailed l.\ dilonalion \mIIi imiemy 

I'lilmiiiMU, Inil is iiol piopagaled Ibiougli IIk \a]'oin ’ Dissoeialion 
iuvordmg lo I be reaelioii 

CS^ C j So, 

xxbieb Is eonsid( labli' mI lie^li !< mpi i.il iin*. is piomobd bv llie pieseiiec 
ol meliils x\illi wIikIi IIk* siilolim eaii (“ombiiKi llie e.nboii s(pMi.ilmg 
MS giMpbile. A lower siilpbidi <*!' eai bon, (\S j oi ('S, has lx c n sup[)osed 
lo be loimed ‘ 

Th( clieliie Mie, (behie sparks, and Ibe sili id ibelrie diseliarge 
(b compose cMibon disiilpbid< : m the lalbr eMs(‘ il lias been shown 
bx Dewar and ,Joiks"* IIimI IIk Iowh* siilphub CS is loimed, logi llier 
x\ilh free siilphiii. 

Caiboii tlisiilpliidi binns in llie air wdh a bliK* llanui piodiicmg 
e.ubon dioxidi* and sulplnir dioxule. Moisluie is nol meessaiy to 
combiislion“ O’lie xapoiir uiKUigocs phosplion setiil lombiislion in 
oxxgdi, Unis showing “ eln milmnmi se( nei* ’ lx low ils lemperiliire 
of igiii I loll. This phenoiiK non max Ixgm .il ‘280 (' mikI peisist iinlil 
the lempi lalme falls lx low ‘200 C , all hough llx* It npx lal iih ol ignihon 
IS aboiil *200 C\ Owing, how( X(r, lo ilsgiadiial Ol ‘‘siN 111 ' eombiisliun, 
wnh I Ik aeeoinpanx mg eln mihimiiK seene< . no d< limh ignilion b inpena- 
Ime ean lx assigmd to Ihis siibslanee In Ihis pioptilx' il k ambles 
eaibon monoxide, but tlifbis bom lln* hx iIiocmi bon^ 'llie IImiik* ol 
CMibon disulphide shows a eonlimioiis spielimn and is slionglx' aelmie. 

Tlie following taels wdh legaid to the eombiisl ion ol carbon disul- 
])hide have been (slabhshed bv Dixon ami Ibissell.'^ 'riie combustion 
is nol prcccihd bx' a dceoniposilion of Ihe subslanct mlo ds eh mcnls, 
so lli.at no caibon is sepaialid; the leaelioii (Mimol lx* expressed 
bx .1 single ecpialion With e-\eess e)f e)xxgtn Ihe piodueds aie* carbon 
dmxule, siil|)hnr elieixnh*, snlphni tiioxnle, ami foe sulphur; and 
in Ihe e.xpleision waxe there' eierui e.iibem monoxieh , eaibe)nvl sulphide, 
and unchanged caibem ehsulphide Wdh msullie'ie id e)XNgen the 
proelue-ls aie e^arbein elnixieh, sulphur ehoxieh*. e'aibon monoxide, 
caibeinvl sulpimh . ami eaibein disulphieh* , limdalion e)l eixygeii le eluccs 
the sulphur dn^xide formed, but exen llu' inimmum amount eif eixygcn 
is alxvax's dixieUd be I we en Ihe cailion ami sulphui. 

Carbem ehsulplmh' Ibims an exidosive mixtun xvilh air eir oxxgcn. 
The explosive limits with e)\xgen are 1 volume e>f oxxgen to 1 \ volume 

‘ ChieiKtl aixl r.unxnlx i, f'niflpt. rend ^ 18iS.>, lOO, 773 

- Hci/ /;</ , IS'lS 31, L’etK!) 

** Dixiiii nnel lltis-ill, Tmu', Chnn S<>*’ , 188^, 75, (512 

* Arcttnxski, 7,nt^th amiKf Clmti , 1805, 8, 314 

* Dcwai and JorKS, I'tor Ifoi/ Sue, 1010, A, 83, 408, 520. 

Bicie'lon llaKci, TKin '< , 1888, 179, 582 

’ Dixon and Hn<^se‘ll, 7’ne/i.v Chem tSoc , 1899, 75, 012 
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of catboH disulphide vapour, and 6-7 volumes of oxygen to 1 volume o( 
carbon disulphide Mipour. 

When a nnxlnro ol carlion disulpliidc vapour and air is burnt in a 
Smilhfirs separator Uie intereonal teases are lound lo consist of e(pial 
volumes of sulpluir dioside and carbon inonoxid's Avitli sulphur vapour 
and SOUK' imeli.niifed caibon disulphide, loijfclher with small (piantiiics 
ol' carbonvl siilphidi* and carbon dioxide. 

A[i.irl from coiulmslion, carbon disulpliidc can be oxidised and 
reduced, and also iuad(‘ lo iiiuh ri^o addilivc rcacLions, the most promi- 
nent ol which IS ils combinalion with alkalis to form Ihio- or sulpho- 
salls. 

, (h'lihihnn of Ca)ho}i Disulphide . — Ih pochlorile' solulion converts 
carbon disulphide inlo c.irboiiaie* aiul sulphate^/ thus : 

CS, I- <sK()a -1 «KOIl :r-.- ‘iKgSOj -1- KdX);, -1- SK('l I- niloC). 

In th(' absence of alkali, oxidation- as, for inslanec, by pi rmaiiffanalc 
solulion, bioniine waler. niliic or iodic acid— in\ ol\ es I he sepaiation 
of sulphur. Sulphur Irioxidc produces eaibonyl suliiludc, thus ; 

(\S^ -1 :5S()3 ^ cos H- ISO^. 

Water andaipieous idk.dis hydrolyse carbon disulphide at 15 ()'"(' , tlius^. 

C’Sg -1- 2II.,0 = COo + 2n.>S ; 

and him la water, when heated with carlion disulidiide in an atmosphere 
of nilro^fen, brings about a similar chanj^e : 

( S, d- 2 Ha(()lI )2 = d- lla(S]I)., H- ILO, 

whilst the li\ diosulplude is converted by contact willi air into sulphate.'* 
Ueduehon of (\i thou Disulphide . — .Just as by the reduciiiLj action oT 
liMlro^^ui on c.iibon dioxulr foinuc acid, formaldi lu d(‘, nulliNl alcohol, 
and methane mav lie dir cllv or indirectly produced, so sinuljirly fioni 
carbon disul[)lude th(‘ following compounds should result: 

lie; 1I3CSI1 1I4C 

\ii 

Tliiofornialilehytlo. lini’rc.ijitan. MetJiano 

'riiiorormic acid is unknow'ii, but thioformaldeh\ dc, pol\merisin^ 
to tiilluoformaldchyde, (lUCS),, results from the reduction of carbon 
iibulpliide by nascent li\dioi(cn ® ; methyl mercaptan cannot be 
obtained directly from carbon disulphide, but nielliaue is commonly 
jrepared by jiassinijf its vapour, together with hydrogen sulphide, over 
icatcd copper : 

CS2 d- 2II2S d- 8Cu = 4CU2S d- CII4. 

Thio-acids and Salts derived from Carbon Disulphide. - Carbon 
lisul[)hi(h’, like the dioxide, is the anhydride of a feeble acid : thiocar- 
)onic acid, Morco\ cr, between carbonic and thiocarbonic acids a 

^ inUcm.i, (’finn ZeiUr , 1904, ii, 1495. 

* Ann'slioni;, Jicr , 1809, 2, 712 

3 iSi-hl!i;^ilciih.Tuftcn, J. Pharm , IS.’iO, 29, 401 

* (’Ip.uknI . 111(1 PainionticT, Cotnpt lend., 1884, 99, 892 
“ (t i.'iid, Coinpt rend, 1850, 43, 396 
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, 1 . 1.1 

,1. id 


It \\Ms (lis(*o\ i led by l{cT/( liiis tlial \\ ln'M (Ml boil (bsiilpliidc is brought 
into coiil.ict uilli sodiiiiii snlpliidf soliihoii (Ik^ Ioimk i dissohcs, [>ro- 
diKMiiLl Ji solidioM IVoin winch ah'ohol pu cipil.diN sodiiiiii I liiocai bonatc, 
NimCS,, as a \ cllow ish-biow ii oil. Kioin llns salt (lil'iic' Iin diocliJoric 
acid scp.iialcs llic Th'c acid, Il^rS,, as a \(llow oil, winch possesses u 
very disa<;u‘cal)h‘ odour and is dccomposid b\ hi.il into CS^ and IKS. 
Tims it IS iiob'worl In that IlofS, is inoic sl.iblc than II^CO^, donbllcss 
bccaiisi' CSji is a lapiid whil« ( is a i,Ms. 

Dvrninfntsdioti o/ Pitlds'smin T/ittx (ulKniafr. Il has been shown by 
Tariiyi and Mai(ii ^ lhal when a solnhon of polassiinn I liioc.irbon.ilc is 
boiled 111 an atinosplicic ol nitioijcn Ihc followinj,^ cjiani^^ s lak(‘ plaei' . 

K..CS, -K,S -1 C'S^; K,S | L>II,() - 2K()1I i IKS. 

In [in s( nc(‘ of air oi o\\<rcn, howcNcr, llu uaelioii is as Ibllows 
i>K,(\S, : lO ■K.S./), I K,('(), | (S, | 211, S, 

and in an alinosplu vc oi' (Mibon dioxide' 

1 CO, i II, () K,C(), + CS,, i II, S. 

These authors denv dial Ihc icaclion 

K,cs, I dii,() K,c()j -I- ;ni,s, 

inherently iinpiobable, can I.iIm plact*. 

Salts and ( sters ol* llu inlciinediale acids are known, bf'inj^r ])n pared 
from carbon disiilphuh or carbon owsnlpludc. 

Thiolcarboinc .icid, IISCO-OIl, Melds e.irbon o\\ sulphide, COS, by 
decomposition; Ihcisbis \ jcld alcolmls or nu rcaplans wIk'ii saponified, 
accordmi,^ to whetlur lh(‘ alkyl «^i(nip is albiclad tei owtren nr to 
Milj hnr ; by Ihis mi .ms Ihc consi il iilions of tin acids arc esl;ibhsli( d. 

It II av be obsciM'd lhal thion- .uid llnol-c.iiboinc aeids an isomeric, 
as W'cll as thioltinon- and dillnol-cai borne aciiK. Klh\l Ihiollhion- 
carbonic a(‘id is xanthic or xanthogenic acid, lls polassnim salt, 
winch IS ydlow' and has a disajxivcablc smell, is pii j»;ired b\ the aclion 
ol' alcoholic [lotash on cailxm disiilphuh* : 

ySK 

CS, + Call, on + KOI! SC," | 11,0 

The free acid dcconijioscs at C. into « thyl alcohol and carbon 
disiil[)hide ; hence its eoiislil iilion is known 'o j)c : 

/Sii .on 

SC\ and not SC, 

^oc,!!^ ^vSC.,n, 

' Taiugi and Magn, (Jazzeila, 1901), 39 , 1 407* 
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Carbon (lisuli)liitlc also combines with tertiary amines^ and phos-,> 
phincs, forminj' cryslalline substances, the most important of which 
is a red compomid willi hielhylphosjdiinc*, CS2P(C\Jl.)„ to whieh the 
constitution CS — l*{iMl5)3 is atliibutfd.- 

\/ 

S 

Detection and Estimation of Carbon Disulphide. — (’arl)on disulphitle 
may be delected liy means of the reel, crNstalline eompound iL foinis with 
trictliylpliosplime, aiiel tlie wliile compound with plieuvlhvelr.i/ine •* : 

CclI^XIINirCSSNII.NIlC.ir,: 

also by its coin ea 'viou mle) thioearlioiiale, wlueli jjjive-s a velle)W' jireeipi- 
tato with siKtr mliate, and a reel jni eipil.de wdli h ael ml rale*, e ach 
of wlueli epiie'lvly luriis l)lae*L by eou\(isie)n iido sulpliidi . 

Mmule cjuaiililies ejf earbeui disulphide can .dso be- ehl«eleel by 
producing one* of the' ddliie>i imu-reiiiie sails ol [he l\pe I IljX.ij' -I I iiS, 
which leu’iii cbaraele ii'.lie* eixslallme- jire-eipil.de's wlie'ii elilule aepieeuis 
solutions of meieurie s.dts ai(‘ lu-ale-d eiii Hie wale-r-balh wilh e.irbon 
disulphide. * 

Caibou disulphide is e-slmiabel b\ sohilion m .dee)lu>he* pol.isli wilh 
formalion of N.uitluiie, l<>llowe'd b\ lilialuai wilh sl.iudaid copper 
sulphate','* eir W'dh peiiiiaii^auale soluliou, which oMehscs llu' .\.mlliale 
to sulphale.“ A Hurd melheiel de-jiciuK upon Iht' lae'l Ih.d ammonia 
coiive-rls earbein ehsul})hiele‘ mle) a mix'iuiv ol h\elrosulphul( and thio- 
cyanate, Ihus : 

/SNIlj-l Ml., 

CSo -MIiIlS J Ml, ( NS. 

\\1I. 

The hyelrosulphiele mav Hu n be Idrale-el wilh ammoniae'al /me sohilion.’ 

Carbon disulphide »na\ be* e'slinialed iria\ mu l nealU by tn'alnu nl 
with bars la •^^at('r, so lhal sulphiele is preuhie'eel, which is Hun o.\idis('d 
and we i^du d as HaSO, ^ 

Uses of Carbon Disulphide, -lle'siehs its eni]do\ nu id as a sobe'id, 
to w’liich re feie‘ne*(' luis lu'i-n maele, carbon (hsiilj)lueh' is used in the* 
vuleamsini; of inehambbe r, for Hu* pnp.iialion e)f amiuomiim thio- 
cyanate', and of nunu ions oi'^anic e*ompe)unels, me’hiehnLi a number of 
dyes cQnl. lining siilphui as well as for Ihe jU’cN eidioii of ph_\llo\e‘ra in 
\ ines. 

Carbonyl Sulphide {('(tfhon (IrfiufJifl/uIr) (OS CaiboiiNl sulphide', 
a fj.ns ehseo\e'ieel by Th.iu,*' is formed svnthe lie*.dl\ whe'ii a mixlure ed' 
carbon monoxide anel suljihiir \apour is passe-d llirou^h a hot tube. 
The reaction is leversible* • 

CO d- s - cos, 


‘ hloniiaid, ('ompl tuvl.^ IST.S, 87, lUU) 

* llohiiann, AnnuUn Snppi , ISGI, i, lid, .OO. 

® tWluT, Annalni, Is77, 190 , 114, L«*1j(‘i iiiunu .*in«l Se'yowcl/, Btt , 181)1, 24, 788; 
Ilusch, lUr . l.SUt. 27, J.7U7 

* Dcnij'cs. lluU Bd. (Imii , 1111.'), pv], 17 , 353, 359. 

* Jlaciinno, (t'fizzdhi, ISSO, 10 , 4S.5. 

« Sdiiuitz-Diunont, Chem U , l.S‘)7, 21, 487. 

’ (loldbeTj'j ampir ('hnn , 1.S99, 7.1 

* Ch.ance*! and Paiinrntn-r, ('ompl Jiml , 1884, 99, 892 

* Than. Aniialen SumH , 1807, 5, 230 
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-o that the proportion of carbonyl sulphide formed di peiuls upon the 
temperature and rah* of passfuye of I he «,'as. 

C'ailwml MiIpliKlc I-, Mills siniilarK'' liom lailioii .lisulphalc mill 
sulphur tri()\id(‘, thus : 

CS, [ ;tS()j ----COS !- I.SO,. 

ami also when sul|)linr \a|)oiir ami air aic |mss, d mi r i, ,|-hol inixlurc 
o clay and eaihou,* as will as wiieir sulphur diovidi is passid over 
red-hot earhoii - : 

ISO^ I l)(‘ (ICO ; iH'OS I CS , 

Some lliiocarlxmalis m.1,1 < .hIioiin I snli,l,i,|,. |,i d, composilioii ; r... 
potassium ilhvllliiomMil.oiiat( isdi<()m|)os(dllmsl>i li\diocliloiirai-id“. 
/OK 

SCO ; C.11,011 -I KCJ 


SC< 


IICI 


MK'.ll, 

Sid|)hiir iii.i\ III siilislilidid I'oi I'liloimc m f.irlionvJ chloride bv 
iiicaiis ol c.idiiiuim siiliiliidc at *^70 C. (bus- 

COCK i Cd.S COS I CdCl^- 

bid the iiiosl iiii|>oil.iid UK Ibod ol' pn p.iiiiia carboMil siilplmlc consists 
111 the dicoiiiposilioii ol' a I hioc\ .iiialc miIIi diliili acid. Ilic libcr.ilcd 
thiocvaiiic acid bciiis' liMliobsid Ihiis. 

SCMI I Oir_- .SCO I MI, 

To a cooled iiiisliiic ol' .'i miIiiiiics ol siilphiiiic .icid .iml t \oliiiuc.s 
ol wafir polassium thiocx.iiiali is addi d. ami Ihc u.is is iiolicd al 
aboiil '.'0 C. lo«(lhii iMlh h\diocyaiiic .icid, loimic .icid. . id c.irloii 
disiilplm c. Till acid \apouis aic iiiiioMd b\ passiii!; Ihc oas lliioiiirli 
stroiiii alk.di. and llii caiboii disidplmh is absoibid ui a iiiixliiic ol' 
tiKlInlphosphiiic. pjridinc. .lud niliobcn/i m .\|l,r di\iiKr udli 
Milphiiiic acid (he f-as in.iy be bulb r piiiilad bi hipicCacrioii or 
iihsorpliou 111 toJueiu.^ 

Ph, laical Piopntirs-. Caiboiiyl sidphid. is a coloiirl. ss ".is posscssiii" 
iMcsiiioiis simll. bill IS said lo be odoiiil.ss hIk ii pure, lls dcnsilv a." 
0 ( . IS '2 lOKi, lhal c.dciil.ilid liom (he iiiolicid.ir \\cii;hl bciiii; ‘JuVlD. 
ihal this compoiiml slands aboni iindw.is bi Inn n cadioii diosidc aiid 
carbon disulphide in phssical propulnsas Mill as ni chenneal colnpoM- 
lion IS slioNM) 111 llie following lahh* : ^ 



I'llflc.ll 

1 < llll) ° ( ' 

(1 . 1(111 ) 
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.il (1 
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12 5 1 
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i 
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97 
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' Gautier, Compt rend, ISSS, 107, lU 1 
* Uoit helot, Compt rend, ISS.'h 96 , 2 *S 

® Salomon, J. ivrakt Chem , 1S7J, 5 , 170 • . 

Ml -''■“W'' ' b -«• . Hempel, Z<il.ch. a„g,w Chem., 1!)0I. 
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Liquid carbonyl sulphide is colourless and highly refractive ; it? 
dissolves sulpliur and nux(\s Avith variojis organic liquids. 

The gas is soniewhaf soluble in water, its solubilitKS at different 
tcnipeialiires being as follow: 

Temperature °C. 0° 5° 10° 15° 20° 25° 30° 

1 vol. water dissolxes 1-333 1-050 0-S35 0 077 0-501 O-tCS 0 KW 

It is found in solid ion in certain mineral wateis ; e.g. those of llarkany 
and Parad in Hungary. 

The following thermal values are gi\en by Thomsen^: 

Ileal of eombustioii = 131.010 calories. 

Heals of formation : 

C (amorph.) + S (rhomb.) -| - O = COS + 37,320 calories. 
(X) -f- S --- COS |- iS.03() calories. 

llerthelol,*'^ however, gives a value for the heat of formation about half 
that obtained by Thomsen : 

C (amorph.) -j- S (ihomb.) O COS -f- 19.(500 calories. 

Chemical Piopeities. - Carbonyl sulphide may be ignited bv iniaiis 
of a glowing splinter of wood, and burns with a blue*, slightly hiiiiiiious 
llame. ^Vllh air it forms a mixdure' winch is slightly (,\plosive except 
when epiile* elrv.^ iiie* expleisive limits he belwee'n 119 and 2S 5 
per cent, eif carbonyl sulpliiele*.'* A white-hot |dalinuni wire eennple leiy 
di'Cennpeises the' gas in lei carbon moneixide and sul])hur. 

Water slowly deeompeises carbonyl sulphide*, thus: 

COS -I 11,0 - COo -1 H,s. 

Aeeeirding to nueiibeH-k the reaelion jneieceds in two stages, 
thieilcarbonie acid being an nderme'diate piodnct : 

/SlI 

COS -1- 11,0 (X)( ^ C().> H >S. 

^011 

Alkali seilutions feirm salts of the same' acid, wliK'h, however, seion 
decemipeise* into carbonate and liMlieisiilphide : 

SK 

COS -f 2KOH = C()( + H,0 ; 

^OK 

ySK /OK 

CO; d- KOH = CO( -1- KSII. 

\OK \OK 

Alcoliolic potash forms, in all probability, iiotassium cthyllhion- 

/OK 

carbonate,® CSv , whence carbonyl sulphide is liberated again 

^OC,I4 

* Thomson, lier , 1883, i 6 , 2G19 , Zeitnch. ]}hyiidal Chem , 1905, 52 , 348. 

* liorthelot, Anv Chim ]*hyH , 1879, [vl, 17 , 129. 

* K J. llusspll, Trans. Cheni »S'or , 1900, 77 , 3(51. 

* Hompe*l, Zeittrh angew. Chem.^ 1901, 14 , 86.5. 

Jliichbock, Zntsrh. phytukal Chem., 1897, 23 , 123; 1900, 77 , 361. 

“ Bender, Annalen, 1808, 148 , 138 
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by acid. Heated mercury, copper, iron, and silver remove sulphur 
from carbonyl sulphide ; cuprous chloride reads thus : 

COS + c'u/:ij + iijO = cOj i-aiici i-cujS, 

and chloriru* forms plmsfrciK* jiiul sulphur dichloridi' : 

(X)S -I L>(’Io - COi\ + SCI,. 

Thiocarbonyl Chloride, CSC'l,. — Tliio(‘ar])on\ 1 rlilondu is foriiK'd by 
tho prolon<r('(l jictioii of dr> chloiino on carbon (lisiilpliuli*/ and by 
hcatiii" ])liosphorns pcntaclilovidc and carbon disnl[)bi(li’ toj^ilhcr in 
sealed lubes -* at 1()0"'(<. : 


VC\, -I- t S, - - PS(’l, I- (\S('lo. 

It may also be obtained by the rednelion, by lin and h\ droeliloric acid, 
of CSCI4, which IS a lujuid boihnir at 11-!)' (\ formed bv ihe action 
of chloime un carbon disulphide in prt-si-nei- of a hi lie iodnu‘. 

Tlin)eaibon\ 1 ehlomh- is a slron^dv smelling lujind of di nsdy 1 5085 
at 15° P and boilinj' at 78 5 ‘ 0. ll is slowly deconiposi-d bv waler.-* 
AminO'-derivatives of Thiocarbonic Acid. -As earbamie acid and 
carbamide are related to eaibonic acid, so arc Ihioeaibannc acid and 
tlnoeaibamide rel<il(‘<l to Ihioearbomc acid ; 



SI I 
SI I 


TliiocarlMHiic acid 


cs 


/NIL 

\sii 


Thiocaibaniic ik'kI. 


C‘S. 


MI, 

MI,. 


'riiKKMi Itaniiilt' 


Thiocarbamic acid, or, more delhntiK, f/mtlthioHcaihamir and,* 
/Nil, 

CSv , IS obtained from ils ammonium sail, which is fornud by 
\SIT 


the combination of caibon disulphide with dry ammonia in j)res nee 
of alcohol, wdienee the salt eryslalhses in juisnis. Il> dioehlorie ac.d 
separates lh(‘ acid fioni an acpieoiis solid ion of its aimuonium salt in 
the form of an unstable oil which er\ sbdlisc-s •* below- 10° smells of 
hydro«^en sulphide, is acid m read ion, and easily decomposes into 
II,S and (’Nils. 

Thiocarbamide, Thiourea, (’S( Nil,),.- -Thiourea is formed by heating 
ainiiionium lluoe\ana1e® to 110' this sail undeigoing an isomeric 
change analogous to that produced m ammonium cyanale by heat : 


NIliSCN-j^SCXMI,),. 


At the same time some guanidine thioev<inalt‘,’ Nil : C’(Nll2)2.1ISCN, 
is produced, though a large i propoilion of tins latter subslanec is formed 
at 170°- 180'' C. The thiouiea is freed fiom guanidine 1hi(>eyanale and 
unchanged ammonium thiocyanate by cold water, in which the thiourea 
is but sparingly soluble; it is then jiuritied by rccr\ stallisation from 

* Kolbc, Annalrn, 1S4,’1, 45, 41 

* CaritiH, 1 12, lyiJ 

* Klasoii, /*r, 18S7, 20, 2378 

* Zoise, Anmilcn, 1843, 48, 'W , I)< bui, Annnlen, 18.7(1, 73, 26 

» Muldei, J. ^miU. Chem , 1867, 101, 401 ; 18(.8, 105, 178. 

" Reynolds, Trautt. Chem iSV , 18.'>7, 8, t 

’ Volhard, Ber , 1874, 7, 92 , J. pmkl. Cficni , 1874, [11 J, 9, 6 



150 CARBON AND ITS ALLIES 

A better method of preparation consists in heating carbon disulphide 
(6 grams) with ammonium carbonate (8 grains) in a scaled tube at 
160° C , when the yield is qnanlilalivc.^ 

Thionn-ii ervsialhses in rhombic prisms, and dissolves in eleven 
times its wi'ight ol cold waliT. When healed with water to 11-0° C. it 
reverts to ammonium tliioeyanatv. It forms salts analogous to tliosc 
of urea ; tlie most eharaeteristie ol* these is th(“ nitrate, CS(NTI2)2-1I\03. 

Perthiocarbonates. -It was seen (p. 1:3.5) that lliere are two classes 
of perearlioiiales, one obtained by the eleelrolytie oxidation of car- 
bonates, the oilier by the eombinalion of hydrogen peroxide' with 
carbonates, or of eaibon dioxide with peroxides. Alkali jierlliio- 
carbonati's, eg. Na^C'Si, exist eorresjionding to llu; latter kind of 
perearbonate s Thev are' feirme'd by the combinaLioii of carbon disiil- 
])hide' willi alkali disiilphiele-s, with \\hi(‘h this substance unite's more 
readily than uith the' moneisulphides. and also by the direct eombinalion 
of thioearbonates \\ilh sulpluir.^ The-re' is no analeigy to this latter 
me'thod of pre'paration m the ease* of pe learbonale ; and this fact 
illiisirales the sii]KTior ehaindbrnung power of siilpliiir as compared 
with owgen atoms. 

Lower Sulphides of Carbon. -He-sides I he* we'll-kneiwn carbon disiil- 
phiete'. twe) otlieT sulphide's of caibe)ii are known -CS and C3S2, and 
ha\e' re'ce'iitlv Ix'e'ii prepare'el and studied in some eli'lail. 

Carbon Monosulphide, C\S. The lirst indiealion of the existe'uce of 
the siiljiluir aiialeigue eif e.iibon meinoxiele* was the eibservatiem of 
Losamtseh and .lov itsehilseh * that carbon disulphide is deeeimposed 
by the* silent e'leelrie discharge in presence eif liydrogi'ii or carbon 
monoxide with the' foimation of a lower sulphide suppose'd lo be CS ; 
Themisen ^ also found that when nitreigi'ii saturated with carbem disiil- 
phiele' \ape>ur is passi'd repi'aledb e)\er liiate'd eoppi r, the ceijiper 
remeive's some sulphur fiom the disuljihide, leiiMiig the moneisuljihide. 
More recently Dewar and 11. O. .Teme's '• found that lhioearl)on\ 1 ehleiridc 
reacts ra])idly with nicki'l carlionvl a I 1 he ordinal v lemiieratuu' according 
to the equation : 

.K'SCl, + .iNi(CO)., ---- .rXit U -|- TK'O + (CS),. 

Will'll nickel chloride is extracted by w'ater from the solid jirodiict, 
a brown substance n mains which by analysis is shown to have the 
empirical coiujiosiliou ri presen ti'd bv the Jornuila CS, but winch, on 
account of its being a noii-volalile solid, must lie a polymi r (CS)*. 
The same product was always obtained, although the conditions of its 
formation wen' varied, and after puriliealion anil drying it had a density 
of about 1 0 in the iinely diMiled stale and of 1-83 after C()m])ression. 

Polyuiensc'd carbon monosulpliidc gi\es a. [)urplish-brown solution 
with ciMiei'iitrated siilpliurie acid, from which the unchanged substance 
IS repreeqatatid on pouiing into water. Aqui'ous and aleoholie solu- 
tions of amnioiiia, ammonium suljdude, and ])olassium hydroxide, 
sulphide, and hvdrosulplude, also give deep brown solutions from which 
the monosiilphidi' is precipitated unchanged by acid. The solid is 

’ ln"liillf’ii, Gazzetla, 1000, 39, 1, (>U4 
Gclis, Compt /<'«//, 187.1, 81, 282 

3 Losamtseh ailTjovitHt-hitsoh. litr, I8!)7, 30, 138 . Losamtseh, 1007, 40, 40.56 

• Thomson, Zeitsth. anortj Cftnn , 11)0, 34, 187. 

* Dewar and Jones, Pror. Hoy, AV , 1910, A, 83, 408 
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unchanged bdow oGO® C. in a vacimni. but al a low red beat a change 
takes })lacc‘ in aceordance witli the e(|iiali()ii 

2((\SW - .K’ ■ .j(^, 

Wluai carbon disnljibub' is c\jn)s( d for a loiii^ time to siinlM^dd a red sub- 
stance is olilamed, which is supposed aKo to be a poK leoiie Ibini of the 
mono^ulpliid(‘. 

So l.u lli(‘ nalun* of the simjdc' subsl,iiH*<‘ CS had not bei n ( lucidatcd, 
bill D( war .md Joiu s ' foliowid up this eommumeal loii willi another 
in which e\ 111* u(‘e w<is toi tlusauiULr ol IIk* loi iu it inii of the non- 
])ol\mriisid mniinsiilphide (' u ln>n di>ul|>hide \apoin al low pressure 
was submill<d to tin .lelion of Itn* site ul (!<eliie di ehaiije, witli the 
cons('(pience that sulphur s<paial<d. \Vlien I lie iisiilliuu^ \apour W'as 
cooled in a tube imnuasid in h(|uid air and IIku bioiudil .i<{am to the 
t<‘m|)( ratlin* of the .diuosplare an (‘\plosioii look pl.iei . .iiid tin* brown 
siibslance pr(‘\ loiislv iddililied as (CS)r was loiiiud It .ippears, 
then fore, Ih.d caibon inonosiilphide is an endolla imie ir.is, condensible 
by means of hipiid air, which lapidh poh nii'iisi's to (( S)) al at iiiospheric 
teiupeiMliin . 

Carbon Subsulphide, (’ySo. — Hv passmi^ the vapour ol e.iibon disul- 
phide ov( r an < h eliie aic with carbon poh s, iiltv* I - oblaiiu ft a dc ep 
led, tc ar-( \cit mif liipiid which apjieaied to lx Wlum h<‘aled 

under reduced pn ssuie this lapiKl p.iilK’ dislilhd, and was partly 
conv (‘I t( d into a bl.iek, solid poI\ mer. W il h biouim< it Ibi mi'd (’ .S^Ilrg. 
a V dlow solid with an aromatic sun 11 . 

('arbon subsulphide ha> more leciutly been obtained bv Slock and 
Piaelorms,'’ who tbiiml that the best wav to prepan it w'a to stiike an 
are Ixlwesn a caibon cathode* and an anode' consist uii; of aniimonv 
contammi^ 7 per ce iil of caibon ]>lactd bent'alh the siirlaei' of lupiid 
caiboii disiilpiiide 'FIk* subsulphi'le dissolves m tin disulphide as 
li IS ioinud, pnKliicmif a nd solution. au<l when se paiale d and distilled 
in a vaeumnand eeuidensed in a neeiveral I() '('. lorms a yc'llow’ish- 
n d solid whose m< llniLT-pomt is - 0 ,> ’(\ At etnimaiv' temperature it is 
a biiL^ht H*<l. stioiiLdv nliaclue liejind ; it has a vapour dinsilv and 
a molecular weiL'ihl m carbon disiiljihide solution eoi n spoiulmj.f to 
the formula and pohmerise s al (Hr (' NNilh amlme* iL forms 

thmmalonamhile , it theK'foie; Ixais the same lelaliem tei thieimalonic 
acid that eailxm subeiMih beais to malomc acid; conscepicntly 
the eemslitulion.d l«»imula S C C (’ S is allMbiiled tei this com- 
])oimd. 

Carbon Sulpbidoselenide, C'SSe, was oblameel bv Sleick and Willfroth* 
by stiikiiu; an eh clue aic unde i carbon ehsulphide' belvvce'n a "rapbite 
catliode and an anode* containinj^ 17 5 jiails of ^napliitc to 100 of 
sclcmum. 1 1 is an inte nselv yellow liquid smellmir of onions ; its density ' 
is 1-079, mcltin^r-point — 8.5° C-., boilinej-point ST T., and /xjy 1.7319. 

It is decouiposid bv liirlit, or on loner keepiner at atmospheric tem- 
perature. With aleohedic sodium (thoxide it forms sodium mono- 
seleiiox.intliatc, Se(’(SNa )(()(.’, Hr,) 

' hi'w.u .inel .loix's, Pi(f( Jim/ .s'f^f , 1!110. A, 83, .'liO 
^ Her, ISIH. 26, l^'ie.i) 

’ StofU I'laetDniis, Jin , 1*02, 45 , IJ'iaS 

* f-^tock Sind Jipr , 11)11, 47 , 144 ». 
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Carbon Sulpbidotelluride, CSTc, was ]ircpared by Stock and Prae- 
torins^ in llio same way as the previous compound, the anode consisling 
of 10 or more parts of jrrapliile to 100 of tdlunum. Owin<r to the 
inslidnhty of tins siihslanee, its pn'jiaraiion uas earned out in a weak 
light, and l>« low - .‘{O’ 0.; it formed \(‘llo wish-red ciwslals melting 
at —5%° V. to a brilliant red liquid with a gailic-like odour whose 
density at - aO’ (’. was 2 0. Moheular weight deteimmations with 
bcnzein* and earlion disulpliuh' as solvents gave \ nines lietwc'en 170 
and ISl, lll(ol^ for (\STe rKpiiring 172. When kept for a short tinn* at 
atmo^ph( rie tempi‘r<iluie earbon sulphidobllunde deeompo'.td eom- 
pletely. 'J'h(‘ supposed carbon t(“lluiid(‘, (T(‘^, pre\ lously described ^ 
could not be olilained : tlu‘ phenomena recorded were due to the 
decomposition of the sulphidotelliiride. 


CARBON AND NITROGEN 

Carbon Nitrides. —Resid(‘s evauogen, to be deserilu'd below', earbon 
is known to form two ollu r nilridis, (\N\, and C^N.^. wlueh lia\ e ii-ei nlly 
been obtained from org.mic sources.’* 

Ctnhon SuhaUtnlr, (\Nm is dieyanaeet\l(‘n(‘, NC C . C and the 
nil i lie of ae( l \h'n(‘ diearbowlie acid ; it is foinuHl l)y the elimination of 
two nioleeiiles of w'aler fiom th(‘ amid(‘ of that acid : 

MI , ( () C C-CO NII 2 - NC C C CN -f 

is cryslailme, melts at 20 .>'’-21° (•., and boils at 70° (\ imd('r ToO min. 
pressure'. 

Anolher snbmhidi, CV,N\. is probably the nilrile of diaeetyh'iic 
dicarboNN he acid, and thus has the eonslilnlion NCt’iCC CCN. It 
is pri'pared by oxidising e\aime(‘ly]ene, (’IliCCN, with potassium 
ferne\ aiud(', and foims erystalliiic needles melting at Ok’ 0. 


CYAN0(;EN, IIVDROC’VANIC acid, and the CYANIDES 

History. Prussian blue, which is ferric leriocyanule, was discovered 
by Diesbaeli earlv m llie eighteenth eenliiry. Dijipel, IVoodwaid, 
John Rrown, and (ieoffroy studied the conditions under which this 
substance is formed, and Maeqiier, in 1752, show'ed tlial when it is hoik'd 
with ])olasli, oxide of iron separ.iles, and the body known later as 
priissiale of polash remains m solution. Seheele in\ ( sligaUd this 
latter com|)ound m 17.S2 ,>, and obtained prussic acid, i.c. Indreieyamc 
acid, by elislillmg it with sulphune aeiel. In 1787 Reilhoilet proved 
that priissiate e)f polasli conlaiiis iron, alkali, and prussic acid, and 
''that the last-named suhstance consists of carbon, nitrogen, and hydrogen. 

■ Gay Lnssac, 111 1811, showed that jirussic acid consists of hydreigen 
united to tlic “ compenmd radicle ” cyanogen (kO-u'ca, dark blue, 
’ ytvvaa, I pieidnce) and iii 1815 prepared cvaneigcn itself. 

^ Stock and I'l.ictoiiufl, Bn, 1!)I4, 47, 131. 

“ Stock .'ind Biiimontbed, Bn., 1011, 44, IS.'12 

® Mouicu and Bougtand, Uompt. rend,, 1010, 150, 225, 151, 946. 
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168 . 


CYANOGEN (Diafnnofieti) 
Fornmla, (CX)^ 


Cviinofjrn "as is an ctidoMu iinir cnnijioimd \sliicli is fornu'd by Hn* 
union of its cJemcnls at ln"h tempi railin'. Accoiilin^^ to von 

Waitenber^r i H, per mit. of ovano"(‘n should be produced wlien carbon 
and nitrogen are in eqinlibimin ;it .'J.IOO’ C, tin' lempeialure of the 
electric arc. ddie presence of tins ".is m I lie are is sliown by its speelruin,® 
but Wallis^ ladl'd to iind it in tin "ases withdi.iwn fioni tin* arc 
clianibcT. This may lie due to Ihi' catalvlie decomposil ion of cyanogen 
by carbon ])articl(\s, or by ils union with Indioirtn horn (he aic carbons 
to form 1IC\\. 

(yano"en is formed in small quaiilily in the "as( s hom coke-()\cns 
find blast-furnaces^ ; and also when a mivturi' of coal "as and ammonia 
is burnt in a Bunsen biirni r. the reai'tion piobabh In iii" : 

ICO -I- f-XITj I (>3 2(CX)> ( (JII.O. 

It may also be obtained by di'liMlraliii" ammonium oxalale b)' lieatmg 
it with phosphoiic o\ide: 

COOXHj CN 

I -- ni,o I 


t'OONH, ex ; 


but IS most convenitnlly prepared bv heatiii" ceilam metallic cyanides. 
Metals whose oMiles yield metal and o\v"« n win n In.iled, t.c. mercury, 
silver, and j(old, aie thosi' whose evamdes "ui* m the same w’av metal 
and cyan()"en. In addition to these, enpiie c\anide \iiv le.idily 
dcconqioses like cupric iodide, \ieldin" eupious (*\anid(‘ and e\ano"en. 

Cvano^n'ii m I'leipienllN juep.iied bv healiii" powdeiid inereurjc 
cyanide in a hard ."lass Inbe, and is collected om i nieiemy. Much heat 
IS needed for Ibis K'aclion, as is shown bv lln* Iheimal equation®: 
II"((’X).2 -- II" -{- (CX), 10, ()()() (‘aloiK's ; 

admi.vlmi' of iin icimc chloinh', howi \i i, ( nabh s lln n aclion lo proceed 
at a lower tunpeiahire, owiii" to the formalion of mereuious ehloiidc 
by an txolhernuc leaclion, thus ; 

II"(CX), I 1I"C1, II"»Cl 2 -i (CX)^ j I M) caloiies. 


A mi\(ure of pol.'issimu IVriocvanide .indnnicmie clil«nid( also when 
heated yields cyano"rn, piobablv mi\ul wilh mlin"(n. 'I'he most 
convenient way, howiMr, of obtaimu" exano^nn is by warming 
together potassium ex. nude .uni cujuic sulph.ile soliilions. Cyanogen 
is evolved, and cuprous cyanide pmipiiated : 

2CuSO, -J l-KCX - 2K2 S()i + ( Uo(CX)2 -| (CX)^. 

If the cuprous cyanide is liltercd, wasln-d, and Inated xxilh ferric 
chloride solution the rem.uiider of the (x.mogen is i xolxed,** thus : 
CU2((’X)2 -1- 2Fe('l3 Cii,Cl, + 2FeCl, -b (FX)^. 


^ Von Waitenlicn;, Zril^th nnouf f'h-m, I*)il7, < 52 , 2!)0. 

“ Fowler aii<i Sh.i\v, 1{>ni Sm , rU2, A, 86, IIS 
® WalliH, ArnufUnf I'Miii, 345, in‘J 
* Bunson and Pl.ijf.iii, J praU Chan , 1847, 42, I'tl. 

' Thomson, Therworhanitche (^nltrHuchunijrn, 1SS(}. Mil iv, .^00 
® Jacquemin, Avn Chun^ I'hijy , ISHli, f\i|, 6, Mn, 
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Physical Properties. — Cyanogen is a colourless, j)oisoTions jOfas with 
an odour rescnibliucf that of peach kernels. Its density is 1 SOOl (Gay 
Lussac), the theon'l leal density heintr 1-7993. The jrjis shows no sign 
of dissoeialinn at S()(r (\^; but is liquefied at — 20 7° C under I atm. 
The vapour pressures at difb-n nl temperatures arc as follow' ^ : 

Temperature ° C. . . -20*7° 0° 5'’ 10° 15° 

Vapour pressure (aim.) . 1-0 2*37 2-83 3 3S 1-0 1 


The densilv of Inpiid ejanogen '* at 17-2° C. is O-SOO ; aee<»rduig lo 
Dewar its eritieal temperature is 121° and erdieal |)ressure (»1 7 aim * 
whence the conslanls for van der Waals’ ('qiialion an deii\e/l : 

=001410; 5-0 0029. Cardoso and Ilaume,^ bow e\ er, give : eiilieal 
temperature 128 3’ eritieal pressure 59 0 atm. When cooled below' 

- 35° C. h<pnd evanogi-n fn-i-zes to a ervslalhni‘ mass which mells at 

- 34-4° 

The heat of formation of cyanogen fiom giaphile and mliogeii 
is — 73,000 to —70,000 calories; its molecular luait of eombiislion 
to CO, aud No IS 202.500 ealoru's (Herlh(‘lol '^) or 259.000 calories 
(Thomsen 

Water, at atmospheiie tempeiatuie, dissolves about four and a half 
times ils \ohune of eyanogi n gas, alcohol aboul t wi'iils -Ihree tiiuis ils 
volume. Water. how'e^eJ^ acts cluMmeallv on e\anog('n, causing the 
separation of a blown insoluble* siilislanei* known as a/ulnue acid, and 

at the same time hydrolvsing the evanogen f I I, producing from it 

V^J 

/CONlIoX /CONIIA /COOIIX 

oxamide ( | I, oxanne acid | I I, oxalic aeidl I 1, 


/CONlIoX /CONIIA /COOIIX 

xamide I | I, oxanne acid | | I, oxalic aeidl | 1, 

\CONII.,/ \COOIl / VCOOII/ 

and their ammonium salts ; tog( lia r with the following eompoimds eon- 

aining oiilv one eai bon atom : h\droeyanie acid, un a ( CO, I, 

V All,/ 


taining oiilv one eai bon atom : h\droeyanie acid, un a ( CO, i, 

V All,/ 

and animonmm earbonati*. When evanogi-n is ]\issed into w'ater at 
0° C., howe\ er, the reaction is simple, hydroe\anie and e\anie acids 
being formed thus : 

(CN)2 + llgO = 11 CN -I lICNO. 


This reaction has been studied® by miasining the conductixity due to 
hydroeyame acid, cyanic acid being almost a non-conduelor. 

Chemical Properties. — The chemical constitution of cyanogen, 
N“C C ’ N, follows from the reactions which this gas undergoes. 
Thus it IS reduced by tin .and hydrochloric acid lo ethylene diamine, 
which is Nil, — Cllg— Cllg — NII 2 , and is hydrolysed by water and 
dilute acids as follows : 


’ V. Moyer aiut (loldschmidt. Be?., 1SS2, 15, lllil 

2 rhnpjHiis .ind Rivi^rc, ComjA itnd , 18S7, 104, L^Ot. 

3 VrimUv, rinl Tram , IStr., 135, 1, l.W, 

« l)c\\ar,‘/7/i/. Mag, 188."), [vl. 18, 210 

^ Cardoso and R.aunio, ComjA levd., 1910, 151, 141. 

® Davy and Faraday, Phtl Ttam., 1823, n, 19C 
’ BerthoJot, Ann, Chnn. Phya , 1889, [vi], 18, 127. 

Thomsen, Thnnwchemurhe Untcrsuchungcn, 1882, vol 11. 387 
' iNainnann, /irit<irh. KlcKhothcm , 1010, 16, 772 
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CN coNTij coon ('oon 

J -> I --)■ I ->1 

CN CONTI, CONTIj COOII 

Cvanoiion Ovamidc <)\amu .icul Oxalic ik'kI 

C'> sinoncii IS Hills llu“ mil lit* of ox.ilic ju-itl. 

I)i\()ii iiful lu)A\(‘\(*i. I;i\t»iii A (*\c‘lic coiisl il 111 1011 foi rv.'ino- 

(' C 

•' II II < i)artlv on aocoiinl of ils pu p.ii.il ion l)\ licaliiicj silver 

N N 

anti nicKMiiic* c\. unties, wliit-h an* jnoliahK /.so-coinpoiintls, llu* rt’aclitin 
l)''in<r siipposttl It) pio(‘t‘ttl I Inis* 

(’ C’ (’ I 

2AirX V 2V--I f| il -- II II ; 

N \ \ \ 

and also on a<*ct)iinl of ils ii‘.i(‘lit)n wiln alkalis In iiilt smiil.ir It) ihaL 
of c*\ .inot(t n liioniitlt. wliieli siiijnesls llial out* fNanoLjt n nionp behaves 
toNNaids llieotlui likt a lialt)'*"! n aloin, llins; 

C 

II : II Hr, 

N/ N' 

Ihe loimiila ftir evano<;en bitiinith* beini^ llial ol (iiilm.inn.’* I)i\on and 
'l^nltn sii<r<resl lhai li (^anonen has an i\o- etnisl il iil itin o\.die acid 
iniirhl betlerntti lioni il. Ilnis ; 

•c C- 110(11 lU’OlI HOC (OH HOC coil 

I II II II - II ll II II 

N -N N N Il\ MI 0 o 

'J’hcreisa pt>I\nn 1 it* nit)tliliea(it)n t)l e\ant)iren kntiwn as fuinirffanoffen 
(('N)a. Il IS a brown powtlei of iinkiniwn inoheiilar weiirjit and 
etinslilulit)!!, wht)se ftirnialion is t)l)Mr\t‘tl wluii niiieiiiit* t*\anitle is 
htaletl. 11. IS pitahit'etl when cvanonen is htabtl Ibi some lime at 
1 10" (\, anti is lt)iTned al ihe anotle thiiini' Ihe t It'el iol\ sis of ])t)lassnim 
eyanitlt* stihihon (yanoixeii is eonverletl mb) ])aiae\ ant)iren mulcr 
tirdinary pressure al abtail 010 (' , anti nntlt r 000 al mospht rt s pressure 
at 220°('.‘* Carae\ ant)i;t n \ it Itls oitlmaiw evano^t n Lfjis, whieh eontlt'iiscs 
to htpiid evaiu)irt n. The Iwo forms are thus mont»liopie like white 
and red phospht)nis Parae\ant)i;en is instilnble m wait r and aletihol ; 
ll show's, howe\tr, many of Iht* rtaelions ol eNaimi^nn, allhoiij^h its 
react ivily is slow 

Cyanoj^n*n is th etanptisetl mlt> ils elemtnls bv bt ini^ passed through 
a retl-ht)t tube, or bv the ai^enev of eleelne sjiarks or Ihe are llamc.® 
It burns with a eharaeleiislie pt aeh-et)lonrt tl llame, which consists of 
a red internal anti a blue exleinal /.tint* sejiarable bv means t)f SmiLliells’ 
apparatus. In the inner Ilamt* the readitm (CN)., 1- Og = 2CO -f- Ng 
takes place ; m Hit* outer (lame (’() bums " It) COo. 

* Dixon and 'laxioi, Tnni'i ('hmt Stu , Dll }, 103, ‘ISO 
- (Oitinnnn, lin , 1000, 42, 

‘ ilittoif, Zed'sth phytsiLal i fn m . ISOJ, 10, Oil* 

* Bnnor and Wit)t7ynski Cnnijif rc/e/ , l‘M0, 151, .*{1 1 
Sinits, iVor K Aknd Wtiin-^fh AiHdmlnm, ] 16, 27.* • 

® Schut7cnborjTcr, Compt tdid ISiMl, iii, 774 ; licit liolot, Contpt rpvd , 188 ’i, 95, 955 . 
’ Smithclls, Tiam. Chein Snr , IS‘. 12 , 6i, 204 , 18 !) 4 , 65, OOIi. 
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Cyanogen can burn be exploded in dried oxygen,^ one or other 
of the following n'actions occurring in the latter case according to the 
volume of oxygen employed : 

(VS), + 02 = 2C0 +N 2 . 

((’N)> -h 20 , - 2CO., -f N,. 

A mixtiiie of dr-ied owgen and carbon monoxide is not explosive, but 
the adinivfiire ol' 10 per cent, of e\anogen gas secures the explosion of 
the carhoM mnnoMde m the ahst nee* of moist iirt‘.‘'^ 

AVhilsL l)eha\ mg as tlie mlnh* of oxalic acid in some of ils reactions, 
in others eyaiiogen vesemhh s free chlorine. Thus it unites with hydrogi'ii 
to form Indioeyanie acid and wilh metals such as potassium, zire, 
coppt'r, l(‘ad, mercury, and siher to produce cyanides. Its reaction 
with sulphurous acid, though slower than, is similar to, that of the 

halogens 3: ((’N).^ f II.SO, h HjO - -'HCN [- 

Moreover, just as chlorine riacts wilh dilut(‘ alkali to form chloride 
and hypochlorite, so cvanogeii yields cyanide and eyanate, thus : 

(C N)., H- 2K()II KCN + KCNO -f J^O. 

Detection and Estimation of Cyanogen. — Cyanoge n gas is easily 
detected by its smell, by its decomposition by ('lectrie sjiarks into 
nitrogen and carbon, and by ils chaiactc risiic llanu', whose* speelriim 
contains preauine nl bands m the* blue and Mole l. The pre sence eif this 
gas 111 a mixture may be eleleeleel by its reaction with a mixture of 
2 c.c. of eeild saturate'd solution of picne acid, IH e.e. e)f al(*e)hol, anel 
5 c.c. e)f a 15 peT ce'iil. seihiliem e>f caustic seiela. With this solutiein 
cyanogen giNcs a pin pie-red colour turning browm, due* to the formatiem 
of iseipurpurie aciel. If much cyanoge'ii is prese*nt the peitassiiim salt 
of this acid scjiarales as a purple-red eiil. (\ane)ge*n may be* e*stimat(‘d 
by combust iem m a stream eif eixygtm ; ex])losie)n with eixygen de)es 
not give accuiate results 


IIYDBOC VANK^ ACID (7^/ lissic Actd) 

Feirmula, IlCN 

Hydrocyanic aeid was disce)\ered by Scheede m 1782 and first 
obtaine*d aiiluelrems by Cay Lnssac,* whe) heate*el nuie'ury cyanide 
w'lth hyelroehleirie aeid, and after jiassing the* evedveel gas eiMi* maible* 
to remove* JICl, and subseepiently dicing, condensed the hydreicyanic 
aeid in a freezing mixture*. 

This aeiel e)eeui*s in jilants, very seldom in the* free state, but generally 
as a constituent eif the glueeiside amygelahn, which on hydreilysis yielels 
hydrocyanic aciel, he iizalele hyde*, or bitter almonel oil, and glucose, as 
follows : 

C^oIIaTNO,! + 21120 = HCN }- CJI 5 CHO + 2CeIIi20e. 

This hydreilysis occurs naturally by the agency of the enzyme emulsin ; 
it is brought about artilicially by the actieni of dilute aciels. Bitter 
almonds and laurel leaves are the chief sources of amygdaliii ; and 

^ Dixon, Tkihs Chem JSoc , 1880, 49, 384 

* BeketoJT, Bull Arad Sci. l^ehoyrad, 1895, [11], 2, 176. 

* Vorlaneier, Verh. Oen drut Naturforsch Aerzte, 1907, ii, 92. 

‘ Gay Lu.s8ac, Ann. Chim , 1811, 78, 128; anei 1815. 95, 130. 
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' by distilling these products with water a dilute solution of hydrocyanic 
acid is obtained. 

Hydrogen ey.inide has been synthesised from its c'U'iiK nls by passing 
a mixluie of lL\drogen and air through a eaibon tube he.iled m an 
cleetric are.^ 'I’Jie reaelion is endothermic, and, aeeoulmg to von War- 
tenberg,'^ is rejiKseiited by the following tliernial Kpiahon: 

‘2C (graphite) -f H 2 H“ ^2 - -HI - a!).70() calories. 

The amount of hydrogm cyanide formed mcnasis with temperainre, 
as theory indicates, and Wallis,'* bv jiassmg a mixlme of nitrogen 
and ludrogen ai'ross tlu caibon ])oli‘s of tin ih*elrie aie, whose tc-nipcrn- 
triiv is about (‘ , converted y.‘3 0 pi 1 cent, ol I In* gaseous mixture 

into hydrogen cyanidi'. 

liy means of an (lecliic llame an i\en more sinking result has 
been obtained; for by em[)loying a mixluie of mliogeii .ind methane 
in the molecular imiportion of ‘2 .*) : 1, dilultd with hvdrogen so as 
to contain less than 10 per cent, of methane, Mulhm.mn and Schaidhaiif * 
have conserted the nulhanc (piant ilali\ el\ into liMliogin cyanide. 
Lipmski ** also con\erted the whole of the melhaiu^ m a mixture of 
S to 01 per cent. Cili, T.j to 50 p* i cent N\, and 10 to 12 p(*r cent. II 2 
into hydiogen cvanid(‘ by the passage ol an alhriialmg current at 
2000 \olts and 0 05 to 0 12 ampeie In Iwm 11 pi.iliimm teimmals through 
0 8 hties of the inixtuK for oiu' to thixx* boms 

A less comjilele synthesis of liNthogtii e\anide would be effected 
by causing ammonia, in w Inch nitiogeu .iiul Jin diogeu ai(‘ already united, 
to react with carbon, according to llu (ipi.ilion 

Nil, 1 C IK'N i U,. 

IJeigmann •’* has shown that wlun ammonia is jiassi'd o\er carbon 
heaUd to about 1000’ (' . 90 per cuil of il is couM iled into IICN, 
The reaction is eialotlu imic. its h«al being 09,500 calm as. A modi- 
fication of this r< action is that of Koeder and (ii unw.ild,'^ who jiass a 
mixture of anmioma and nitrous oxide over luxated carbon, the 
reaction being . 

2N11., -1 N,() -1- -l-r llK'N 58.000 calories. 

Owing to the heal of decomjiosilion of nitrous oxide, which is endo- 
tlicrmic, and llu* lual »)f formation of steam, it is not necissaiy to 
heat the carbon to .so high a l( mpi r.itiirc as in the lorimr case; 
indetd the yield of hvdrogen cyanide is neaily (pianlilalive wlu'ii the 
tcmpcralure of the carbon is but l.'iO (’. 

Hydrogen cvanidc is also iiioduced liy the explosion of a mixture 
of acetylene and nitrogen 111 a bomb ^ : 

(’jjir., H- Njj - 2II(!N — 9K)() calories, 

* Dewar, Cheni A'cma, I.H71), 39, 282 

^ Von Waitcnbern, Zat'-ch anorg Chrm , 1007, 52, 2tl0 

® See IJergniann, J. (ianhclcurhtung 1800. 117, 

* Mutliniann and Srhaidliiiuf, Znlsrh KUlhockon , 15)11, 17, 497 

® Li]}in8ki, Zdtsrh, IJh UrorJn ui , 1911, 17, 701 , but see Vbtsi'ieki, tlmJ , 1011, 17, 877; 
so tbid , 1912, 18, 225), 730 

® BerRmann, ./ nanUdfarhlung, 1896, 117 

’ Boeder and Giunwald, Cheni Zenlr , 1902, 11, 23.") 

* Muter, J. Amer. Chem. Soc., 1902, [iv], 10, 293. 
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and by the reaction between acetylene and ammonia at 300° C. in 

presence of a catalyst ^ : 

(’ jr . -1- ‘iNlIg -- ‘2ll(^N f 3 II 2 - 33,000 calories. 

Methane and nilro^en also yitld hydro^an cyanide under the influence 
of the silent eleetiie discharge, or at 1000° C.,® the equation being: 

‘iCIIj N 2 - ‘2I1CN + 311., - 103-.) calories. 

Hydrogen cyanide is generally prepared, liowever, fioiu potassium 
ferrocyanide or a sunpl(“ cyanide. In either ease it is syiiLlietie 111 
origin, for rerroevanide was onginallv made bv healing toge ther a 
mixture of potassium e.irbon.ile, iron, and nitrogenous organic matte4’, 
whilst cyanide is obtaiiud either from the hydrogen cyanide formed 
synthetieally in gas iminufaeture or by passing ammonia o\er a healed 
mixture of alkali eaibonate, and eaiboii (Heilby’s process^). Wlien 
pow'dered potassium ferioeyamde is distilled with dilute sulphuric 
acid (1 jiait II 2 SO 1 to ‘2 parts water) hydrocyanic acid is e\ol\'ed 
according to the reaction : 

2K,L\(C^X), -I- llllaSOj ^ OIUN -j- K2Fe[bV{CN)e| -|- JJK .SOj. 

The va])our may lie dried by jiassing it through (‘aleium chloride lubes 
kept at 30° C by immeision in warm wateu’, ami tlu'u comh used m a 
freezing mixlure; or llie xapour may be at once jiassed into water 
if only a solution of llu‘ acid is n (pined. 

Praelieallv anh\dious h\droe}anic acid may be obtaiiu'd In dropping 
sulpliuric acid diluled w'lth an ecpial \ohime of walir on to OS per cent, 
potassium e\amde.‘* 

Anhydious hNilioeyanic aeid is also formed wlan mercuric cyanide, 
heated to 30 (’.. is deeomposid by Indiogen sulpliide. 

Physical Properties. -Anlisdrous Indrogtai cyanide is a colourless, 
mobile liipiid ha\mg a Miiell of bitter almonds, and is (‘\e(‘edmgly 
poisonous. Owing to the d.mgiT of working with this subslance its 
physical pioperlies have not Ix'eii eomph'lelv elucidated. Its density 
.it 18° (\ is 0 (>000. and at 7 ° (\ is 0 7058,® wJienee the di nsiLy at 0° C. 
'las been ealeiil.ibd to be 0 7115*’, its boihng-iioinl at al mospheric 
arcssure is ‘20 5’ C. (day Lussae) ; its vajiour density at high Lcm- 
lerature is 0 017 (air — 1) and 13 00 (II -1); at — 15° 0. it solidifies 
.0 a mass of while iValhery ervslals. 

The heal of vaporisation of livdrogeii evanide is ‘210 7 calories per 
jram, or 5700 calories jier gram molecule ’ ; this value is higli on 
iccoiint of polymerisation. Uajiid evaporation causes a diop of the 
.iquid on a glass rod to solidify. 

’ The following tlurmal values have been determined by Berthelot ® 
m’d Thomsen ® : 

* Hojennmin, ('hem Zdl, IWii, 26, 70. 

- Gow, Kk< track Mil hid , 1905, 3, 472 

® Soc “ A(l\aiicc.s in ('lnMnical Iinlusliy duiing the Ninet^Tiith (Viitury," Piac. Roy 
^hl Hoc , Glasgow, 1904 

* Wade and Panting, Trans Chem Hoc., 1898, 73, 255. 

* Ga\ Jiussac, Ann ('him. Phi/i , 1815, 95, 130. 

• Centni‘i‘iz\o‘r, Zeitsch pJn/sikal Chem , 1901, 39, 217. 

^ Bei'thi'lofc, ('uinpt tmd , 1874, 78, 710; Thonison, Rci , 18S0, 13, 1392 

• Berthflot, Ann Chun. Phys , 1875, f\ij, 5» 431; 1881, 23, 2.).i 

• Thoiusuii, Thtrmochemische U ntti sudiumjeUt 1882, >ol. 11, 389 
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Heat of formation IIC\ vapotir 
., liquid 
„ .. Ill solulioii 

from (liaiiiond 
„ „ from «;i;q)hiU‘ 


— 30,500 I'lilorii s I 
--L>l-,S00 Rerthclot. 

- 21 ., 100 ) 

- 30,200 .. 1 ,p, 


TIk* lical of comlmslioii at const.inl })ivssiir(“ is I.-)!). 300 caloiKs (lltT- 
thclol) or 158,000 calorii‘s ('riiomscii) : tlu* lual ol“ .i(|ih(>iis soliilioii is 
400 caloru's (Ilcrlhrlol). 

, latjuid hvdioj^cn oxanidc dissolves inanv oi^Miiie and iiior«^anic 
siibstaiici s. lultKstmi' n-sulls vd.ihnjf lo llie cleelrie eoiiduclivity 
and ehenneal naelivilv of such solnhons have ))(eii olil.nned b\ 
Kjriilenberjr and Sehlnndld 

Il\dioL?(n evanide im\<“s in all piopoi lions willi vv.iUr, alcohol, 
and (liar. Solnlion in lh(s(‘ cases is ai-eompanied holh bv fall of 
tcinpeialnre and dnnmulion of \ olntiK- \o d( limte liv di.de ol h\ dro^nm 
C‘yanid(‘ is known. 

Chemical Properties. Ilydioi^rnevanKh'v.iponi Imiiiis with a violet 
(lame of slii^diL Imnmositv ; liolh (Ik* anhydioiis liquid and its con- 
ceiilrated aipieons solution appear eombuslibh^ W lu ii p.issed over 
heated copper oxi<h‘ llu* vapoui burns lo caibon dio\idi‘, water, and 
iulroi^< n. 

A polymer of hs dioi^i n c\ .nude is slowh piodiiei d wht n an a(|U(‘OUs 
solulion of th'‘ lalhr is k« p1 m pr(‘senc(‘ of alkali (aihon.ile or eNamde. 
Undii thes* condilions the lapiid turns blown, and a black mass 
scparabs after some d.i\s, from which (llur txh.icls <i substance 
which cr\slallis(s m colomh'ss li'alh Is. 4'his siilislance poss(‘sses the 
com|)osilion (IK’X) ., turns blown at 1 10 t' with parlial d( conijiosit ion, 
and nulls at ISO'C K is decomposed by luiiu; luahd with baiyta 
w'ater into eaibonn* aeid, ammonia, and ammo-ac( lie aeid ; it is thcrc- 

foH pioliablv th( dmihili oi aminomalonic ai id, MI, ('11^ 

(N. 

'fhal hvdioi^Mi evanuh is ils(lf tin* mliile of foimie aeid is shown 
bv tin fact lhal il is n solved inlo this aeid and ammonia when boiled 
with eoiieeiitrabd miiui.d acids and .ilkahs : 


ii(\\ [ n f’ooii I- Nil, 


Hydrogen cv.inide is ndiiced lo nnlhvlamine, (’II,MIm by nascenl 
hvdioiidi or by hvdroi,Mi i^as at 110 (' m pn m nee ot jdatini'm black. 

In siinh',dit chloiine conveils hv<lro<^en cvannle inlo cvanoi^eii 
chloiide*; cvaimifMi luomide and iodide are also piodneid, Ihoufrh less 
re.Klilv', fioiii hvdro<,a n cyanide* and Ih*’ coiie-spondm^r haloi^n-n accordmer 
to the eepialion : 

C’Nil+X, -eXX i-lIX 

llydro^an cyanide* reacts wilh an oi;r;,nie caibonyl f^rouj), producing 
a cyanhydiin, thus : 

>CO + IK'N = >0";^ 

^Oll, 

* Kalileiibi lu .md Sthlundt, ./ /‘hi/'.nal ('fttm , lUOl, 5 , 157 



160 , 

whence by hydrolysis a hydroxyacid results : 

A'OOll 

I 


: (’ 


|-2lIoO = 

on “ M)ii 


NH. 


An solution of h\dro<f<.‘ii cvaiiule is a very weak acid : lu dro- 

cyaiiic* or prussic acid. 

A soIijMom of 1Ii(‘ acid docs not redden litmus ; its soluble salts arc 
largely ludrolvsed m a(]U(“Ous solulion, and are decom])()sed by atmos- 
pheric carbon dio\id(‘, so that tlu“\ smell of hvdrocyamc acid. 

Th(‘ electric conduclivity of aipicous hydrocyanic acid has been 
measured by W.ilki r and (\)rmack ' at IS*’ ^\l1ll the following results : 



Tlie dissoci.ition constant, which may lu* takisi to be l-;j l(r\ 
shows the strength of hydroc\anic acid to lie only one-l'oi t n l li that of 
hydrogen sulphide and oni‘ two-hundredth that of carbonic acid. Kioni 
moasnn im nts of tlu‘ h\drol\sis of potassium cyanuh at *25 ’ C, \an Liiar'-^ 
has found the yalue K 1 '• 10 ^ whilst by measuring the ])()tential 
bctw’eeii a silycr dcrlrode and a solution of potassium siImt cyanide at 
18°C. ]\Iorgan found Iv - ‘2 0 X 10~^ The ])t‘rcentage degree of 
electrolytic dissociation of hydrocyanic acitl in dicinormal solution * 
is 0 011. 

The calaUtic inlluence of the c\anid(‘ ion m promoting thi cliangc 
of benzaldehydi* into benzoin has been sLndied by Stern,'* and the 
mechanism of the addition of the cl(*nients of IICX to carlion com|)oimds 
by laipworth." 

The Cyanides. -'Hie cyanides of thi‘ alkali and alkaline earth metals 
arc sohibh‘ m water and are considerably ionised in solution. Other 
cyanides e\ce])t mcrcniic cyanide are insoluble. Ih cause of the weakness 
of hydrocyanic acid, mercuric c\anide shows, to a grcati'r degree than 
other mercuric salts, chemical inertness in solution ow'ing to feeble 
ionisation. Siher c\anidc resembles siher chloride in physical 
properties ; it is a whit(‘, curdy precipitate, wdiich, how’cyer, differs 
from the chloride by its solubility in concentrated mtrie acid. The 

1 Wall«‘i ftinl (’oiniaclx, Ttam. Chem Sue. 1900, 77 , 16 Si'(‘ tins volumo, p 130. 

where v, Xr, y, ami K aic defined. 

• Van Lnar, /.tiUvU Chem , 1893, 12 , 746 

® Morojin, Zdtf^ch phi/silul. Chem , ISO."}, 17 , 634 

• Walker and (’orin.uk. Turns Chem Sor , 1900, 77 , 16 Soo this volumo, p 130. 

® Stern, ZcAtsch. phpfjkal Chem , 1906, 50 , 513. 

• Lapworth, Trana, Chem. Soc., 1903, 83 , 995, and 1904, 85 , 1206. 





TAHHOX A\D fTS rOMI^Ol NDS Ifil 

.>(>lul)ili(\ ot sil\ I r C'\:niul(‘ iii |)(>l.issiiii)i soliilioii wilh llic 

iolMlIill KMl of KA'_r(('\)^, lili* nilHMJ lllllsh.ll(S ;iii 

Miipoi [,inl u< IK i.il (»l IIk .iiikI. lint nl I'.m iiiiiilt 

CN^IIIkIis 'i'ili s( .III nt' (iltli li III (il'iiiisnl l.ililllU lliilll llu 1( .isl 
sl.ibli, .IS lot iiisl.iiKi (liliili nr.iKi.il .n kIs i i pi i i ipiLili 

IIk s!]ii]iI( insoilihil cn.iiikIi lioiii III. iiki'I sl.ibli ,is Im insl.iiK’r 
K ,1m (C‘\ 1 III' Ik solid .ind. ^ II,Im((N),, is si p.ii.ili d Ik ihiiki.iI 

;i(‘ld 'riir InllowiiiLf lisl iiirliidis k |>K si nl il i\ i . nl llu (’nni))l( \ 
('\<uiid(s, uIikIi. iiki Uk .ininiiiKs. <ik ImiiKd Ik I Ik iik mix is nl llir 
riLilil ll .111(1 {•nnlluniniK iriniips TIk sc cniiipnimds \s ill l»c di .ill willl III 
dll, III nndi I IIk ksjmcIisi iik I.iIs 

('np|xi‘, sil\ii. i^nld. :ind (‘.idnimiii loini llu Inllnwimr cnmplcx 
(*\ .•iiiiili s ; 

Iv .I'll ,t( \ ) ,, K,( II .(( \ 

K \iii( II \iii( \l, 

K .(‘dll \ 1, . 

^\}|llsl (‘liloiilliim, |||.|II<!.IIK s ,iiid llic IIK l.ils nl IIk ll•'lllil LMoiip Inim 

cnmpK \ (K .niidi s nl s( \ ( imI dilli K III l\p(->, .isIIk lollo\MnLM.il)li siinws 
\Mick IIk Tim .1(1(1 Is kiinwii ils Inininl.i .ippi.ii^ 


I'l 

II M.( \), 

Mil , 

1.',. 

i 

re 

Nl 

. K_,\i(('\), 

I'n 


lln 

; i 

lih . 

1 

IM 

K.lMitN) 

Os 


li 

. 

IM 

. ' II.lMil’N) 


ll,M ( \« 

11 ,Mi( 

11 ,('m( N j 

K ( id 'N 

II.MirlNi,. 1 

K (Mild \ 1 , 

II.ImiCNi,. ! 

iiii'«d\). 

Il,('n((‘\>„ 

1 1 .( 'oH \ >„ 

1 1 ,nii(( \ ),, 

K(l{hd\)„ 


K ,li{('\),, 

11 ,liU\|„ 


Constitution of Hydrocyanic Acid, Cyanogen Halides, and the 
Cyanides. 1 1\ (Ikm^ n c\ . iiikK , c\ .iiK><n n li.ilidi , mid .i iik i.dlu' c\ miidc 
in. IV lx I’nrimil.ilid nspnliMU .is 

II (’X, X(’N, MCX or II\.( . XNC. M \ (\ 

The not nidi Ini iiiiil.i , In si Lri\ ( n, h.i\ <* ui in i.'ilK lx < n pn h rn d, lx (Miis(‘ 
till V show llu i*;ii Ixni dlniii In lx (pi.idi i\ ili iiL w liilsl Uk nil K)Li( ii :ilnm 
IS li i'\ <'d( nl , hill IIkk Is :i k .isnn ' loi pKliiinr^r Uk /wy Inimul.c, 
111 which hMlii.iiriii, h.ilnt£<‘n. ni nu l.il is .ilhtclud In nilin'^un I'iiUur 
thiin to c.iihnii. 

Till ri.icliMlx nl’ h.ilniii n mid h\ dinni n ;ilnms al I iclu d Inmlini^cn 
is .snpiiior to the k.icIixiIn nl' (Ik* s.iuk .ilniiis .dL'l^Ind In cmhnn; 

‘ Cli.ill.'av.'u .11x1 \\ .iilriKiit*, /ci/n Chem .So< , 8i, I'.ll , .si < .iUk Mi. Ii.k I find 

lliljlfcil, Anniilf]i, I'lO'l, 364, nj 
VOL. V 
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102 C AIUION AND ITS ALLIES 

and a siiidv of llu cxaiiom'ii lialid< s shn\\s tlifiii to possess all the 
c*h.\racl( iislics oi compoimds liaIoi;( n all.ichid lo iiilio'^^ii. 

Tins IS iiniiK fHil 1»\ siK li a o.iclion .i'* llu* htllowiiiif 

(•.N lh ! 2111 C.X 11 ! lllh , 1, 

wliicli, 1)1 uil; <‘as\ of acini \ laiK nl, is iciraidcd as jnoviii'^ lhal Ijiuiiniic 
lb allaclnd lo inhoirin 

Now th(‘ (\aiio;r(n halidi s an iiadih loiiinil li’oin 1 imIioc\ . mic 
acid and ils s.dK, winch lluK^loie in all jnohahilil v ha\ c a similar 
conijiosil ion. lx iin^ /.so compounds, Ihus: 

(’ N 11 and (':\ M. 

,t<lthfhc Conijidinitls nf Hj/iiHiiiin ('i/tnmlr - Win n li'dio'M lu'liloiidc 
IS ])assi d mil) an h\ (lions h\ dioot n c\ amdi* al - 10 ’ .md I Ik solul ion 
IS llu 11 Ik a1< d loo.V’t’., (Ik* conipoinid Ii('\ lIC'l is I'oiiik dj and ci\ slal- 
liscs on cooling II Jndroijfcn c\anid(“ has llic consi iliition .(‘‘X II, llu* 

II 

compound with lU'l is (' X Cl. 'Uns compound is \ erv li\ oioscopic 

( 1 / 

and IS dccom]H>s(d l)\ w.iha mio loimu a(‘id and ammonium chloiidc. 
bill nia\ be subluiKd. Anollur compound. 2l It X .‘il ICI,“ < \isls 
winch appeals lo Ix' lh<‘ hvdiocliloi id< ol' di(‘hlornK I li\ Ifoi m.iimdiiK'.' 
(MI-CII- Nil ('IlCLMICI. 

Physiological Action of Hydrocyanic Acid. Il\droc\anic at id is 
one ot' I he most pow( liiil })oisons known and il is \ ( i\ lapid in ils ai'lion. 
An amoiinl («pi.il lo “I 1^“’ wiaijrhl ol ils blood sullic's lo 

kill a dojx,^ and a h w chops bion«dd nilo a do'^'s < \ i kilb I he amm.il m 
llnrlv seconds: 0 0 ,> <^ram has pio\(d a lalal (k/sc loi a ni.m, (liou'^h 
lai^K 1 (pianl i( K s has c bee n lake n w illioul lat.il i ll« els 'I’Ik s\ni|)(onis 
of poisoiimtr by jiiussic acid au* Ik adache, uaiisia. dilliciilh ol bnalh- 
Ul^^ ji.ilpilal ions, Icbmic spasms alhclmj^ Ihc muscles ol Ihc |aws and 
limbs. ])aral\sis, and msensibilit\ 

'rii(' cause of 111 '* poisonous aclioii ol lis (lioc\ aiiu acid and Ihe 
soluble cNanides is nol known, bul <m aiialoc\ has be'eii liaced bi'lwe'en 
this aclion and Ihe mlnbiluiir e lie cl of Ihe same subslaiice on calalvsls 
such as l'( I UK Ills and colloiekil me lals ’ 

Ammonia or chlormi* winter apjxars loMixe as an .mlidoU*, lliouijh 
m iKilhei ease IS lhi‘ die mi(‘al acluai unde islo.ul 

Detection and Estimation. -In cases of poisoninii li\ dieM-vanic acid 
IS scp.iialed lioiii the mailer conlamm^ il by disl dial ion wilh lailaiic 
acid. Eoi Ihe ek leclion ol small epianlihes ol li\dioc\anic acid in 
aepa ous solid 14)11 avcial mclhoeK ao avaikibk 

(i) The c\ani(le may be conx'i’led mb) Ihnssian blue by boilmc 
ils solul ion wilh alkali wilh Ihc addilion ol’ leiious and leriic ^all. On 
acidirMiiL^ Icrric rerroc\anide‘ scparalcs .is a deep blue precipilalc. or. 
if onlv a li.icc of cyanide was pr scut, shows a blue oi jrieeii coloui. 
13y this test 1 jiail of cvanide* m aO 000 can be' de'te'ctcd. Ivslreiuely 
ddulc solutions of hy«lio<fcn cyanide conlammif as little' as 0 00002 

' (;.iiitie-i. J;i/; ( liiiii r/ii/- , IKIJO, In], 17, HU 
' ClaiM n .Kill M.iltliews, I'nins ('hnn , 1SS2 41, JlU 
' (I.itn niifimi ciiicl Se'liiiil/''P lilt) Hn IS’lS 31, 1770 
* dreli.Kit. Ctnn'/if tnul , ISSO lOQ, r> 0 J 

'• / jimlt Chftii, ISliS, 89 , 118 1- , Oieeliif, Atihih plui'fikul ('linn, 1890, 

31 , 2")S , Se’nte'i. Znh'/i pkysikal ('.hem, 1908, 44 , -~»7 190.") ^>"'1 



CART50X VXT) ITS C’OMmUXDS in» 

Knuii per c c. in;i\ ]« iiuulc' jilk.iliiu’, < \ Io sinull Imlk, iitid 
tin M tfsli (I (o) III I Ills \\.i\ ' 

(ii) ( on\ t i ^Il^M iiilo Mil lopriissidi . ' w Iiii li t'i \ ,1 pill |)|i (()|))iii willi 
idUali siil|)]iidi , s( 1 \ ( s It) dt l( (‘I I p.iil (>l ('\,n)!il( in .iiM) ODO 

(ill) lU (‘\ .ijioi.il h»n hi d^\M.>^ willi mIIow .iiini!i''i!iini ‘iilpliidi 
(‘Nlinidc Is (‘onviihd liihi I lilmA .lli.ilc, \\liu*h "1\(S i\ lilood-Kd (nluiii 
^\llll l(iii<‘ (liloiidt ‘ rills h s| will dilicl 1 ji.iil III iw.iiiuli' JM (‘\cn 
4 .,()()(). 0 ()() pMils III sniiili.iii 

(i\ ) (’\;inidi snIiihiMi .i di i p nd ciiloni ' willi picric ;icid 

( \ Ml Mill is ( s| iMl.lh (1 \ nl.ilil' I I 11 .lll\ li\ .idd 1 1 1 " h i 1 1 s :i I k.l I II 1( sol II I Kill 
st<nid:iid sihii nili.ih shIhIiiim nnlil .1 pi i mmik nl pit iipil.'ilc .‘ippciirs. 
One moll (‘nil ol sil\'i icli.di lli'ii coi n >]uiiid ^ lo !\vo mnli(*iilis of 
cMiiiidc owm '4 lo III! loim dion o| K \li(( \)j, mccoiiIii)", Io llic rciiclioii : 

Air\()j ' 2 Ki\ K\ir((\). ; K\(), 

TIk' csl im.il ion m.o In c.iiindoiil lii.in iiih 1 1 u .ill\ l>\ wi iltIiimlj llic 
corn spondinir sil\ 1 i c\ .inuli or l)\ n diicinir il .nid wi l•;lilni; llu nu l.illic 
sil\ cr 


IIAI.CKiKN l)KliI\ VTINKS OF I1M)K()( \ VMF ACID 

The IimIio'^^ II nloiii III I 111 moltnili ol li\ dioc\ .imc .uid is ii|)I.icc- 
iddc hv a li:doi,n 11 alom loimiiii; ('\ I h . or CM 'riu si lialidi's 

cun poKiniiisc, loimmu llu* cN.niiiiic lialult s ((NCI),. ((’N'llr),, and 

((’XI )« ‘ 

Cyano^ren Chloride {('hfoiorifdHnifm) C\C1 Cv .iini'fi n cliloridi' was 
liisl 1)1)1. Hind 1)\ irilhnilil l)\ lh< aclioii ol cldoimi on IimIioc\ aiiic 

acid W olili I '• pii pan d il l)\ p.issimr cliloi iiu iiilo .1 sal iiialcd soliilion 
ol nil iciii ic chilli id. .md sii'i • <pi« hHn dislilliiiiC ; and (iaiiln r s.iliirah d 
ai|iuons IimIimiviiiic n id (IIICN I \i| ) wilh chloiini add. d i \ci ss 
of nu icni IC oxide .md i .di mm cliloi ide |o I he wi ll-eooli d miIhI ion, and 
alhiw.iids dnlill d oil’ Ihe cn.iihknii chloi id Il.inl/.'-cli .ind Mai ^ 
add( (1 pola ^sinm I \ niid lo s.il m.ih d ehloi im w.il.i.iln (' lill.dllln 
clilorme w.is al)Miil)id. Ili.n .e^.nn s.iim.ihd Ihe li(|iiid wilh chloiim 
and addi d mon c\.niide 'I'he cNaiioifiii cliloiide Unis lorimd was 

then \apoiisid .md condiiis'd 

C\anoi£(n chlomle h.is lx 1 n ^anonslv desenlx d as a ir.is and a 

liipiitl l*ossil)l\ Iwo Imms of Mil hipiid 1 \is| w hn h Imil .il PJ’C. 

and -j- 12-7 C I Ih Lm.inll m 1 .*> ."i (' ( W ni 1/ '*) n sp. i 1 1\ 1 l\ . 'I’lii \ .ijioiii 
dciisilv IS m iillnr i.is. 2 l.’J whieh i m n sjionds lo lh(' molecular 
rormnla C'XC’l 'Fhe \a|)oiir has an iiiilalniL; sim II 

Liipnd c\anoifi II chloiidi sohdili' s ,il Is (’ ( Ih Lmanll ) lo a mass 
of loiiLT, iiansp.iii nl piisms which m. Il al - 7 ' C 01 , aecoidiii'^ lo \\ ml/, 
at — 12 ('. U) - l.l ’ (’ 

The heat of foim.dion of cyano^ri n chloiidi is -| 2(),!)(K) caloiics, 

' L.iixl. 1 xml \V iMi-n, l//r/*c/ I'lll, jo, ‘iji; 

^ \«illlll.lIlM, Il I. •/ 'if Issi), 7, llh 

* l.x liii/ Ainiiifn}, iS'il, 77 , IDJ 

* lli.nni, Zt it'll h iinal i'lmn , lMi4, 3 , 4ljl 

® Wnlil I, Antmhu, ^"111. 7^, Jl!> 

® Cl.'Milirt. \nniifiii, ISliT, I 
■ Htiil M.ii, Hn , Is'ii, ?8, _M7l *• 

“ I’et'nault, Jahri'ihir , l.Sh.l, IT*. 70 , 71 
“ Wurti!, Cotfipt H’ml IS 17, 24, l.Hi 



101. CARllON AND ITS ALLIES 

ils of conilmslmn 120.000 c.iloiKs.i 'J'his ooniponnd dissolved 
m wal< r willioiil «l( ((HiiikjsiIioh aUn id \.moDs oiir.niK* soUtnls. 

Id Mil j)Du* stall rx .iDoiri D cliliM iilr is slal)l( , llioDtjli DDili 1 (■(iImid 
(‘ ondil inDs li |Mi|\ ini n M s into (‘\.hidiu‘ (‘iiioi kIc' (('NC'I)> \lk:ilis 
(I( ('()iD|)os(‘ it into a DiivliiK' of (‘\aii,il( aixi riiloi iiii* 

C\i'\ ! 2K()n K( \() I- KCl I 11,0. 
aD(l aiDiiioDia sotiitioD foiins aiiaiiiuli* and ainiiioDiiiDi cliloiidi' 


(\(1 } 2\Il. ('WII, I Nil, Cl 

(‘vaiiuL^tii clilondi loiins tin* adddui coidiuhdkIs lU'I.CNTI- and 
'I'lCI , CN('I * . i( IS a s\ III In t ic ai^n lit in oiu-niic cIkidisIin 

Cyanogen Bromide {Utoinix iiiinfiiii'n). CNlJi. usiiiililis ('\(l in its 

IDillllK I of })1<‘p.ll<dlOD. lx Dlir loltllld h\ till .IcIlOD oi IdoIDDK Oil 
li\ di ()c\ <iDi<‘ .Did or .1 (*\.DDd« * It foinis li.ins|),ir( id jnisDis hv 
siililiiD.d inn, w liicli p.iss lido a (Miinc.d loiDi . il dkIIs.mI .■>2 C , ainl lioils 
at 01 o C itsN.ipoDi d(iMl\ is .*> <> 0 ; , d is poisonous, and d s \ .ipoiii 
IS piiiurrid and .dlicis tlir <\i >. 'I’Ik Id .d of forin.dion of CNIir lioin 
its (luiDnls is ;{?,000 cjiloiD's. and tioiD (CN), .ind lir, ■ tO.OOO 
(•.•iloi'D s It easily pohiiD lists to lC\l>i), 

In dilnle aipuons snlidioii cN.uio'fin Inoiiiidi shows no i \ ideiici* of 
ionisalioD. Ihdroiji n snlpliide naels ipi.inld.diM 1\ wdli it, thus: 

(N Hr i II, S Il(\ : llllr | S; 


and the following n.iclions arc also eh.n.ielensi le 


2K()II : (Nllr 
Xa.,S(), ! CM5i ; ILO 
III • CNr.i 
K..S 1 (’Mh 


Kill ; KC’NO ! 11,0 

N.illr : N.it'N ' ll,M), 

nil 1 IK \ : lllr ; 111 -- Illir j 1 

Kill ! K.SCX 


A IlDorv of the nKrlianisin of llnsi r(‘a(dions is irnen hv l)i\on and 
'J’.IN lol 

Cyanogen Iodide {f(Klo< iftnini’rn), CXI -4'his eoinponnd is foinud 

In lh< aidion of lodiiD on inereni le e\ .niide , if the lodiix' is dissoh i d 
111 aidndioiis ( thei ‘‘ the csaiioLjt ii lodidi irots into sohdion in th(‘( lh( r. 
and 11 ni. 1 1 ns hi liind .dti r tin iw.ipoiation of the l:d l< i 

Iodide of exanoLTdi erNst.illisis in loiiij while in i dh s which iin ll at 
1 to ."i (' . 111(1 I asd\ siihhine, ,<ri\ inir a \ apoiii whosedeiisdx eoiiesponds 
to the foiiDiil.i CM, has an nnph .isant sun 11 like tli.d of tin Inoniide, 
and is vi 1 V poisonons '^I’his eoinpoDiid oltiii oeeiirs as an iDipiiiit\ 
in eoniineici.d lodiin*. Its In.d of foiinalion lioiii its iliineids is 
- 2 : 1.100 e.doiies, and fioin (CX), and I., ; 17.!)00 calorn s It is 
easily soliilih in alcohol and illnr, s])aiini^lv so 111 w.der '1 his eo.n- 


' hcmmill .1/0/ (/,///' I'li'h I?''!'!, [\iil, 16, .>:1S 
^ .Maitiii- A/imil'ii, IV)'!, lOQ, TJi 
’ Wulilfi. linmlni, I Sid 73, Jl'l 

4 .Sciull.is I///1 ('fnm I'Inh, 34, OKI. l..mfrloH, .1 //// Chun /V/z/.s , Ishl , [m], 
61, \^2 

Multlt’i, /iM Tutv iinni , IN'S!*, 4, l.il 5^ 

'■ r.ci 1 III i«»i, /-ix//, IS 7 I 73, IIS, (./// yv///'t , is 7 .“), [ml. 5, n.} 

' t)i\(iM (Hill 'l'.i\li)i, 77 ////'• ('Inw S/n , I'M {, 103 , ‘)7I 

*’ l).i\>, Ctlli l//Vx//i//, IStli, 54, :>S 1 , .Sriilii'il and I’nll.nd. J>n , IS'II), 23, 1 (K>J. 

" l.miii niann, Ammhn, l.SiM. 120, :il) 

JJcilln'lnt, rr/id IS 71 , 73 , tlS, \nn ('hun /Vo/s- , ] S 7 r), | iid. 5, t.l.l 



A\n ITS ('OMroi'vns la'; 

iloiiml IS iiMcliiny.d iii soli l,\ li\ (lic.clili.i ic „r siilpliiii ic 

JU'Ui, hill riarls wifh li\ ili iniln* .icul llm-, ’ 

»\l I III ll(\ : I,. 

The i,.icli.m l.,l«,,ii .•v.iiiMi;, I, i.„||,|. .1 s.,l,il,l, in,|i,|,. a.iiiKiiis 

Snlilhnil Is l)inii.r|,| l,\ (|,( pi, SI lie. ,>1 |,n,||,,.. ,, |,„,s 1( 

tiK h Ini. h(. M pinp.K ,1 [o ,,s, i| |i„„l ,.| .H'l.liiii. ||\ - 

Polymerised Cyanogen Halides. (lil..ii,|,, (CNCl)., 

liurir liinmul., ((NJJn .m,] cx.imiiik ki.IuI. , (( Mi,, .ni kiinwn. 
liic Inn loiiii, r siihsi.iiic, S I'niil.iiii I In Si\-Iin iiihi ii'il riiif' — 

I 

.■ _\ 

N ■ ‘ (S 


< \ 


liiiiinlliiliilisol <n, 1111111,..,, nil, Mill, . „|,„.|, |,,,s,i S||„||,|, ,.,„islili,|„,„ 
Cs.imiiic inilid. Is n,,( known lo Im ^iniil.'ilx (nnslilnl.j 

(Uiiuuufr Chinn,!. i(’\(|.. i. ImniMl l)^ ||,. polMiw i is.il inn n| 
(•Niiiinu. n (lilnii.l. u|„<li l.ik. s pl.ic ^pm.l.ii,. ons|\ ni pi. s, nc. nf a 
llllr li\<lincli|oii“ aciil * 'I Ills polMii. 1 1 s.i I ion in i\ lx .i((oniilM| lor 
l)\ (In ( lilniniiiiin-sliiicliii. nl (v.iiin.M n <‘lilnii,j, . ( NC’I, uhnsc 

iiinltriil. s cninhiiK willi li\(lio.^r, ,, ( hlond, lo loini III. Ii\ din'clilni idc 

\ 1 

C \ ('1, iliKi Iiinl.cni.s nl vvliiHi condriiv , uilli , Inmnal inn of 
.‘31 1 ( I I Inis ’ • 

II (I (I 

I I 

Cl ( Cl (■ 


\ \ 

II 

('1 (' c 

II \ (I 


;3ii( I 


( I ( 


I Cl 


Cl 

The pnlMii.T IS .d>n inini.d win n clilmin. .ids on li\ ilinc\ aiiic .icid in 
pi(scni'( nrsiinliiihl ’ nr iipnii .i olilni o|, .im snlnl mn ni I In s.,ni. snhsi nn 
cnnlamiinr 1 p.-, ..I alcnl.ol , ,| ,ds.. i.snlK hoin (Ik at-lmn nl 

pliosplini ns |» III, K hlond. on cvKiiniK acnk' (C'NOII). 

C\;nnirin (■lilniid. cnnsisls nf cnloniNss mniincIniK' civsl.ds wind) 
nu ll: nM t.Td’., Ini niiiii^r lupiid l)nilin<r ,,| mk) (’.\ I he \ apniir d. in il \ « 

' i'^.' Kn\., || /.ll.ll ('I,,., IMIJ 8o, loT 

Ki'Mi .Kill ( 1.1 rl. 1 ///,/ (//,!,. / I'.i.'l >0 st’ 

' II ml/ 'll m«i Mil |s*r. ’.S, ’I I * ' 

* (1i .iml \\ I. Iii.il, 1 1, III- I h, „I ,s',M ^ ninj |r)4 

’’ (lailhii, hull/ /, I St, 7 IJI, IJJ 

" J)ii’C I!. , , I V, I ’ ■ • 

^ HiiIsIi'im h'-iihn, ls:,n jiK {77 
“ Uiiuau, hui t /iiiH J‘fn/, is {s, 68, JJl , 1,S {'), y ). j.,| 
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is 6-U5, which cnri‘(*sjM)!i(ls lo the foiiiiiilji ((’NCOj. The hciit of toriiia- 
lion of (CXC’h, from ils cli mcnls is 107, {)()() caloru s ; its hi at ol poly- 
iniTisahon fioni lii|iii(l CNCI is ‘JS.TOO c.iloncs ; its lical ol i omliiislioii 
‘202.000 (mIoik's^ (\.iMimc chloialc dissoKis iii tilcoliol, chloi olorm, 
and ollici oii^iiiMC soKi'ids wiliioul di coinposil loii . >\alir oi iiioisl air 
hydi-ol\s(s il into cvaiimic and hydtochloi ic acids. 

('i/timinc f(’\Bi),, n st mhlcs c\ amine cliloiidf. It is 

roiiiiid I'lorn impnr<‘ c\aiio'icii l)iomid( at 100 110 .iiid m 70-S0 

p( r Cl III. \ irld hy llic aclioii ol iiasci id IimIiol^i ii hiomidc on a hrii/i lie 
soliilioii of c\Miio;ri‘n })i omid(‘ •* ; il is also ohi.iiiud l)V Ihc aclioii ol 
))i'(>iiiiii(‘ oil potassium l( ri i(‘\ ani(I(‘. ^ It is a uliiti. amoiplioiis ))o^^dc^ 
\\liich mills al OOO'C., and is h\di‘ol\s(‘d hy ^\atl■l iiilo cNaminc'aiid 
ludiohiomic acids. 

('ijiUiinn' f(nlnh\ (('\I|„, is loriiud as .i dai k-hiowii iimorplioiis 
])o\\d(r h\ llic aidioii ol h\diiodic .iciil on c\ inline cliloiidr-. Il is 
dccomposi d al)o\(‘ ‘200 C mlo lodiiu* and pai ac\ a iioir( n : coiisi ipa idly 
its niolccnl.ir consliliihon is imkmmii Hot wain Iwdi'oKs. s -I into 
c\ .inni IC <ini! In di mdic .icids 

Cyanamide, C\ Mh Csanamidc is lormi d accoidin..I lo a i oninion 
wa\ ol pK pannir amidis, h\ llu* action ol ammonia on llir clilmidi ’’ . 

(NCI -I ‘2NIlj (N MI, ! Ml, Cl; 

it Is also coin ciiiciil Iv ohlaincd Irom llnoiir'“a h\ lln iimoNal iioiii il 
of 1 1 ,S I In'oiiiili I III ai^^i iic\ of pn cipdah d im i(*iii ic o\idc : 

Ch(xn,), 1 1120 cxMi> i iiirs -1- 11,0. 

'Fhe nurcnric oxide is addi d lo an aipiioiis soliilion of Ihioiiria until 
a ill op of I hi 111 pud Cl asi s lo d iilo n amniomacal sil\ n niliale 'oliilion 
In loinialion ol The lillmd ^ollll'oll is linn i\apoialid and 

i xhai li d wdh I llin" will nee c\an mndi ci\sldlisis 

C\anamidi‘ nn Us al 10 ’ C . and can he dn' dl. d al I h‘) IM'C. under 
1 S mm pi < s >111 1 1 1 is di In I III 'SCI id is \ ol.il ili in si i am, and is coin « 1 1 1 d 

h\ \ I r\ dilnle mine and mlo nii a 

ex XII.. ! 11,0 lOiXII,),. 

Like Ihe amides ofolliei wi.ik aiads. c\aii.iniide piKst.sis hoi li liasic 
.iiid acidic pio])nlies. 'I'lie ddn diocldoi idi , (’X XI I 2ll( I 's lornied 
as a cr\ slallme powder ^\lu n Indioifi n cliloiide ^as is pass<d imo an 
dill real solnlioii of c\ anamidi* : on llu oilier hand, the di-sil\ -a sail 
(’XXXo, ,s piicipilalid as a m How powd<r when ammoni.ic.d siUir 
ndiaic is added lo an aipieons sohdion ol cv.maimdi. Likewise llic 
moiiosodnim salt ('X XllXa is roiiind wlini sodium elhoxide leads 
with alcoholic cNanamidc. 

Calcium ci/anamidc mixed with carbon is piodnced, rallin* tliaii 
calcium tnanide. wlcai nitioifeii is passed o\ i r calcinm c.iihide heated 
111 an ell clnc fiirnacc : 

CaC, ■ X, ( XXCa h C. 


' L<>mi.iilt \iin f'lin‘> /V/vf . IS'I'i, ( \ n |, 16, .‘WS 
- lOi'liis, JUr , ls()*» >, l.’il), l’,iiiainri«-i\ . lln , IHS, 18, )-i)l 
• "Mcm'I ami N llu*. f jDdU ('funi . I‘ll0, pi], 82, iJl 
1 Mr./ ami Until, lin . ISS.J, lO. -N«14 
Omi-au, Ann ('him l^h„. IMS, |n|, 67, \m IS’Vl, p,]. 70, l.A 
niz/aio, Conipl 7 end., ISr.l, 32, 02 


('li)oz .'ind fan- 
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'^’TIk' ])ro(lucl kiumn ;is “ Kalksticksloff ” or “Xiholim” is cniployrd as 
a nilio'ji'iious in.nnin ‘ 

(‘.ilciimi ( \ .iiMiniili is Ii\ (lio!\ s(‘(I by cold i willi lln loimalnai 

oL dic\ .ut.imid' 

All. 


L>('.i\\(’ ! ili.o ‘2(\i(()in. ! Ml (■ 

MUN 


\\ h( M cal bon dMi\u!< is | ).iss( d I In oil" li I Ills s(»liil loii c.di i .iin c\ .mi.iiiikIo 
C.il bow l.llc,- ( \ \ J ().“/iLn Is j)indi|C((l. 

I'lidii 111- mllih n<‘i ol Ik.iI ( \ aii.imidc poK 'lu i iscs * b* dic\ .iii.iiuidc. 
Nil (' ^ .md c\ .imiiaiii'd( |<'\Mld, 


(\ \\l( veil) \M) lihLV'l'l l) lOMI'Ol \I)S 

'I’lii r< an loiii coiiipoiiiids lii\in\Mli' <iiipiiical roiiniil.i ll('\() 

Of MI (iso-K \ anic .i(*id 

(’ \ ( )l I liiliiiiiiic ai id 

(('()\ II). c\ .iinii !<• ai id 

(CDMI'i (\am ii<l< 

Cyanic Acid. Mini csaii.ib is lt>i iik d. lo'f( I In i w il Ii c\ .iiiidc, 

win II cNanoiTiii nacls mill pol.cb 

(C'N), i -JKOII K\( () , K( \ i 11,0 

'Pin s.iiiu sail IS pKidi'ci d b\ lli« o\idal mn (►f riis( d c\ anidv b\ Ihc airor 
a i< diicibl> o\idc .lu !i .IS i‘ <1 |. ad , also b\ In .ilnnf pol.is .iiim du-liioniab' 
wilh .ii'liN (boil pol.i •^lM!ll !*( iioc\ .inidi , .ind ( ^ > i .k I iicr Hi- mi- I l \mI1i 
clb\l .ilioliol (onl ii'iiM-i .1 lilll( in»lb\l .ilcohol ' Sodium cviinab' is 
I'oiiii'd, lo- 4 «lli. I oIIki piodinu, wlnn sodiiim iiiIm>i is lualid 

wilh carbon.' ('\aiac .icid c.iiiiiol b« isolabd b\ lilni.dioii from 
jiolassiiiiii c\«inali. In (mmsi li is iiiislalih in .icpnoiii soliilion, Liking 
lip lli(‘ (I'linnls ol* u di I lo foim .innuonmm li,dio<('n c.'ii boii.ib^ : 
(’OMI I lMI.O mi ,11(0. Cons, .pn III 1\ a w.in.ilc ( lli r\ csci-s 
amIIi diinic Ii\ ill Ol liloi 1C Mcid liki .1 «*ai bon.it(‘. 

C\ani<‘ .ici-l iniN, liowiMi, b. olilam d b\ bcal cvamiric ncid in 
.1 cum III of caiboii dioxide and coiuU nsne^ llic i\ol\cd \apoiir in a 
liic/inL( mi\liiii 1 Inis oblaimd, ,d low li mpi i.d me, cx.imc acid is 
lonnd lo In* .i colomKss, \olalile Inpiid, winch h.i^ .i ih nsiU ol* 1 l.'i.'i.S 
aL -- ‘JO 'C. and 1 I 10 al O’C. Il has a pim^t ill sun II i- s( mbhiiLj I ha I of 
act lie acid. Ils \ aponi di iisil v al 110 C is I ."lObiii I i, 'A Inch supports 
Ihc niononioh cnlai roiimila. CONII The Inal ol* foiin.dioii of cvanic 
acid iioni ils (hnniils ((’ as diamond) is aboiil .‘>7,000 c.'loiies'’' At 
atniosphciic leinpiiahin* cxanic acid p.isM s, wilh (Nohilion ol* he.it, 
inU) tile solid polN nil r CNaiinliih, wh< nc< c\.ime acid is iico\ered by 

' ( Mil, y'l ,t h /'■ f I , I'lm, ? J lO.l 

^ I'lpiMii, r„r'<ii>i, I'lns. 38, II, Mi* 

^ II.ML', Ihil-tl'H, l.SliJ, 122, L'J 

* IJdl. ('/Kill \>u>, IS 7 . 1 , 32, III. Kiildi.inn, //. / iS'i;), 2'., 2188 

® Lk 1 «»II, J l'hii\ Chilli Su> , I'll I, 43, liM * t 

btrllidot, <\iiniil iiitil , 123, .117 
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va])()ns}ition. Aqueous c^amc jirid is siilqcrt to three types n/ 
chnii^n*’- 

I l*oI\ nieiis.ihoii of Ihe noii-iomsed aeid in eoneenlnited solid loji 
:jll (\0 -(IK'XO)., 

II. 1 )( eoiiiposilioii III pieseiiee of ;m <ieid . 

(NO' ; 11,0 i L>n- MI,- ! CO, 

III. Spoidnneons deeornposilion ofdilute soliilion . 

•JII L»C\()' I 11,0 (()(M 1 ,), 1 CO, 

('on'^fi/uhnii itj i inuiic Ai'td Siiiei lln- isonu ne fiilmime iieid is 
C \OII, IIki' h m.iiM I wo possihlf loi iiiid e foi e\ aim* aeid • \ C-OII 
and O C Ml (la l(»iin(i of winch niii^id he e.dli d iioimal and Ihe 
lal(i| i^o-e\anu ai id 'I’lu noinial aeid .ipixais, liow(\(i nol lo 
( \isl 1 11 In I III I h( Ik < slah m in I lu loi ni ol' il s sail s oi ( s| i i s - C\ ante 
aeid and llu (xanah* IlnKloie. ai<‘ iso- < oniponnds. .iiid an nidi id 
eatlioniniidi and ds d, m\ al i\ « s. N« \ < 1 1 li< l< ss I li< nanu e\ anie, lal la r 
than isoexanie. aeid k iisiialK Mnplo\«d loi Ihis aeid Mieliai I and 
Ilihlail 'sii|i|Ma( lli< ( i»n( liisnni lhal lln exanieaiad holli in (In slale 
of \«iponi and in solnlion is i ai honiinidi , CO Nil. 

Tin nl.ilion of exanie .leiil, COM! lo lU Iwo polxnnis, exaninie 
acid, (C'OMI),, and ixannlnh, (COM!),,, is an inh k sI 111*4 oin , .ind 
foiins a x.iliiahlf siih|(el loi -.Indx iioin Ihe slandpoinl ol (In ph.ise 
riilt' 'riu nlalionship Inlw.ui (In' x.iponi ol evann* aeid and ds 
two solid Idims has Inin in\ • si iLjah <1 h\ xan '( Iloil,’’ who has loiiiid 
thal (In liipl* pond a( whieli llnsi IIiKi pha^is an in < (piiiihi inin is 
aMaO (' nnd( r aO mill. j)K ssiiK As pn x loiislx slahd, d is onix wInn 
ey.inie aeid xaponr is lapidlv eooh d in a liei‘/in*r im\lnre dial ihe 
imsiahh Inpnd exanie uad is piodiiisd. 

Cxaiiie aeid loriiis an .nlddixi eonijioimd wdh h\ dioehlorie .leid, 
and is K diKM d hx nasei id hx dioi^i n lo roimamide, 1 1( ( )N 1 1 ,. 

77 /e Aiiimoimim exanah' is an iidcKslinir salt, heeaiisi' 

Wohlei 111 1 .S 2 S ohsMXcd ds I laiisloi iiial ion inlo iiK .1. and Ihiisshowifl 
thal an “oiijanie'’ eomponiMl could In ohi.mnd lioni an inoiiianie 
soniee wilhoid Ihe iideixenlion of “xd.d foiei.” II a solid ion (d‘ 
polassiiiiii ev.inale, .1 s.dl ohlaiiied hx (he oxidalion of polassinm 
cyanide hx Insioii wilh red had, is (xapor.ded to drxniss wdh an 
((piixahid (iiiaiddx^ of aimiionmm sniphale, iiiea is Idnin d lioin 
the !•( snllinij aiiiiiionmm exaiiate, and max hi- e\liaeted wdh alcohol 
fioiii Ihe K sidiie, haxni'^r jiolassiiim sniphale The leaelion, which is 
hi-inoh enlar. since il lakis place hilxx'een exanate and annnonnnn ions, 
max In n pn seiili d thus 

COX' : XII, -, t’ 0 (Mi,),. 

The (iMianiics ol Ihis n act ion has hem sludicd by Walkia ® Walkir 

' N«)imainl .iinl ( 'iiimniii'.', 1 m , iai2, lOI, IS-)^ 

- \' 1, l;/^’'/^;/ ?iS7, J'Mi 

^ Ml' III.! iii'l I lil.lii 1 1, J ////i/Zf n, l'll»'‘ ^ 6 j, IJn 

’ \ m ’t I I'll!. >s.'" /'« s /y/ f 7r» Di/htinm I.iin o.lii , IS'MJ (\\ iHi.itu^ ainl Nin-'iiU') 

I‘P , ■ 

'■ W.ilIvM. 7/n/' ('I'Lin , iSli.-), 67 , 7 In , phfhdril ( 'firm , IW2, /\2, '207, 
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Appli \ iinl.' F.n\ sil t,- and \VaII\<‘i .ind K.i\ ** Tlu‘ I ion 

of aiinnoiiiMiM (‘\.iiiat(‘. in IIk s[.il( ol ils ions inlo nna is :i( (‘oinp.innii 
l)y a Ii'.il (\()Jiilii)n ol ."iOOO (mIoiks p( i iji.nn nioliciiN 

H\ 1 lu .u'l lonol li\ diocliloi KMcid nn .i iindi i ^oi >. 1 In lollow nn: u .ichon 

(DlMI,), 1 -JIKI I 11,0 1 iC). 

\v}iicli IS in.idi lip ol I Ik SI slain s 
1 COiMI... 

( ()\iMI ,1 IK 1 ( n\ll \II ,( I 

o ( ()\II II .() IK I ( O, \!1 ,( 1 

M' lallu* r\, malts an lutlmUsul l)\ liol ualii inlo ( ai bon.ilcs 
.ind niia .i(‘(‘oiilini{ lt> Hit ii.Khon 

MK’ND)^ \ -II.D M((). , COiMl 

'I’ll* itaclion lakts plant in I\\t» I nn , (i) a '(■ >\ li\tlio|\sis i>l I'NO' 
ions \ It !( I nii[ ( .1 1 hon.i 1 1 and N 1 1 , nm <. In' ml t i k I im i ol \II / aild 
(’NO' Iti loini nita 'I’Ik cvanahs oj ttdmm imi pttlassinni art 
ludioKsid li\ \'il'i ac(*t)rtlin" lt> IIk tt|nilion* 

IMCNO i;ll <) (\li,.,(0, , (OiNIl,), 

Kroniint itanU uilli pola^^lllM i\anil- at'ciiidin'r lo Hit (ijii.ilittii 
|.K(NO I 111,0 ' .‘{ 111 . iMIi ii\ll,I!r : N, ; K O , 

Sil\(i. 1‘ .-tl III- '< I' ai-'l ciipMc cNanaltsai' wliih pi i cipil a 1 1 s 
jiraci i( all\ ins»»|ii' I m w il. i 

CyaniiWc A-ckI, ' 1 0\ 1 1 1 . is piodias t| hv Hit < oiult nsal ion ol nx ainc 
acid \ a pt thi • i -ttx * I Vi ( ' . I»\ I l-t a. ( iom ol ainnioina on plio-" ii< ( ()( L, 
and l)\ Ik a 1 11"/ nit i alitix t il > iik II in"-pt)inl as ItHi'jasaninioiii i ist \ oI \ t d 
(\\ olili 1 ) 'I’lit i< .u ! t-n 

.KOiNII,), (CONII- V,\II, 

dept nds npf>n Hi- Itani.dittn til anmioni nn ex in iii lollouid hx Hit‘ 
Itiss of a inn It III la anil poix ni- 1 1 ^ li ion oi i In - • mtil t nli > ol nx .inic .icid 
I In Is St ( 1 1 1 1 'III- O' o| a nil 1 1 1 Ol I - -'lilt I liloiit {' pi unit il ' s 1 1 n It iii un- 
lit ni ol ex anil i ic at nl ' ( '\ aii-'i 'f It 'tl I - I ( , pi 1 1 - 1 . I d I tx ( liloi ina I inn 

Ol hioniinal inn ' in i, anti lixtiioK m > Hk o 'dlinn (xaiiiiiic lialidt'. 
'I’Ik ncitl cixsl dll IS lit-ni ton-tnli il-tl ''.jjaini!- at id in .inlix ilioiis 
(piadialtM lali- tl' i anil Itoni wa'ti in tlilix'ti d o' iiioihk lime |)iisins 

d'lii ItJi m.il K»n ol I III - at It] littiii nit.i sii'-H'l, Hial il posst sses an 
iiiikIk- lal Ik I I hall i lix ilio\\ lie t tuisl il nl K>n ..ntl I In - ' n xx ishoiiK oiiL 
l)X 1 he ('ll 1 lacl - I ol il s al < ol pi ion -^p' ( ! I inn ( x iniii k .k id is I Ik I c- 
folt . pitiliabix 1 1 It ai I timmitli 
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Ariliydroiis cvanuric ficid has a dciisily of 1-708 at 0° C. ; it docs nol 
melt, ])iil suhlimcs above IjO’ producing cyanic acid ^a]K)llr; at 
3,10'' (\ d (h compose s. 

The heal of loriiiahon ^ ol cvaninie acid Irom lupiid e\anic acid is 
37,000 ealoiKs, and fiom ils eh-imnls 100,100 c.iloiiis; its lieat ol 
combnsl am is ‘J‘i0,000 calories. Oiu* hnndud pails of water dissohe* 
O-ri.l pails of e\.inmic aeid ,0 alniosplu lie li nipi laliiie, anil 1 pails 
at 100 '(' lla .leid is leadilv soluble in aleolioJ. 

(\.miiiie acid is a veiv weak Inbasic aeiil whose aipieous solution 
eloes not alfi el indieatois ; ils hi- .nid di-.ilkali salts are niiieh h\diol\std 
by walei, and are eonMib-d b\ caibon dioxide inlo Ihe niono-sall. 

Cyamelide, (( 0\ 1 1 ),„ a poK nu rotex a me aeiil ormiknow n molecular 
wei^dil, IS Ibinud fiom Ibis acid al O' t\ by sponlaneoiis polymiiisa- 
tion wilh (\ohilion oL’ la al and lii^hl, and m.i\ also be prepared bv 
‘^enllv healing a mixline of upial paiK ol’ ])olassmm csanali .ind 
oxalic acid. Il is a while amoiphoiis powdii, uhieh, m aeeoid.inee 
W'llh hi!4h moll eiilar wi ii'hl, is msohibU' m wah i and ol her soh i nh , ils 
dcnsiU al 0 is 1 07 H ; ils hi al orioinialion per '41am is b'lOli e.doi a s ; 
and ils Inal of combnslion 1030 ealoii^s 'the Inal of Ir.iiishn ma! ion 
ofcNanii hde mlo c\anmie aeiil is - 0000 ealoin s. C'v.inu lide dissol\is 
in alkalis, loiinm*^ e\anal( s ; il dissoKis m sul|)hmie .leid iiiiehaiiifi d, 
wheiiei' il mav be ])neipilaled b\ walei. bid win 11 w.iimed with Ihi- 
coiiei III rati d aeid d p.isses mlo c\anmi(* ,i(*id, and (‘\ eiil iiaIJ\ mlo 
carbon dioxide and ammonia. 

Fulminic Acidy ( NON, (brined the subject ol Ihe iirst niNislii^alion 
of isonii iism by Ijubii^and Wohhi, since ils sails wire lound lo possess 
an idenlieal <piahl,di\e and ipianIdaliM eomposdion wdh those ol 
cyanic aeid. 'I’lu nn K-mie sail of Ihis aeid is pnpaiul by addini^ 
alcohol to a solid ion of nKrciiry m txces-> ol mine aeid . and the aeid 
itsi If, which is (-xeeidm^lv misl.dili'. is oblaiiu-d m ilia rial soliilion 
whin ds miieiirie sah, siispi nded in ilhii, is dicomposid wdh di\ 
hydio<rin chloruhs Fnhnmie aeid is also foini'd and ds siber sail 
obtained when aminomi lln Jndiosohe acid decomposi s m presiiiei* ol 
iidrie acid and siKi r nili.dr- : 

()\ (’(Ml,) X 011 — 11,0 1- N, d- C'-X Oil. 

Melhenvlammo-oxime, when heabd wdh nitric acid and sd\er mlrati', 
also yie lds sd\er fiilmmale . 

CI1(NII ,).X on V MTj + r X OIL* 

Il has been shown by Nel •''* and Scholl tlial llii acid is carln loximc, 
C=N- -Oil; Palazzo',’ how ^ Mr, re.traids il as laMtomerie and a jiseiido- 
acid . 

ik:N: 0 ,-iC-N on. 

It IS named fiilmimc acid on acconnl of its explosive properties, and 
its meiciiric salt is mneh emploved for llie mannfaetiire of delonalors 

' lj<*Tn<)iilt, and, ls''>, 121, 3.)1 

' N-liilT, Xnnnhii, IS'HJ, 291, .» 7 i 5 
® Tionit .ind ll.iiitcfeuillr, ('nmpt lend ^ 69, lit 

4 Wu-Iinil, Hit , I MO!) 42. SJn 
"* '^ivl‘Annalen, I Silt, 280, Mil 

« Scholl, Her, 1000 , 33 , ,'51 ; J!) 0 l, 34 , 1 til , 1!)0‘J, ? 6 , 10 
’ I’al.iz/o, .l«i It AtCtid. fAuru, 10|.» f\l, 21 11 71:5 
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iind explosive e;ip^ In iiecoidauet' vmIIi ils i‘\plosi\t“ eli.n.iettr, ihis 
JK'id Is ( iidol h( I iiiic, |li(‘ iiiiKiiiie s.ill lihi liO.OOd e.iloiiis p( r 

,ijram moheulc on iK (!< eonipoal loii nilo nu leiiiv . iiilii)>>. n miuI eail>on 
nioMoxK le IJv I In ncl ion ol ecu us iih .il ( d In d i o‘ liloi ic .leid on iiu i eiine 

iulniiii.d (' I lu o\inu <»f elilon.loi oi.ildi In dt , ^ .nsiilh whilst 

lie \()ii 

dlliiU ,i(*ld piodiu I s in dio\\ l.iiiiiii. .111(1 liiiinu .Hid Tiu spoilt .nu oils 
pol\ iiu I n.il Ion ol 1 1 linn I lie .h id \ u Ids nu I iliilniinniie .u id ( eoe\ .iimi ir: 
.leid). whieli is pioh.ihh ’ 

(lie \()ii 

^ I 

() (’ Non 

Thiocyanic Acid (.VaZ/d/Hf///////, J,y,/) |ls( \ 'Plu pol.issnnn sad 
of this a< id was Inst piip.iod ni l.^os |»\ Poiitl in hoiliiu! jiol.is^nini 
siiijiliid. s(»jnlion with pills 1 m hhu il w.n i x.iniin d (pi.nil il il i\ ( Iv 
liy 1 >( I /< Inis III I s.M) - 

1 he sails ol llu .Hid ail loinud In llu din (‘I nnion ol evanKhs 
w il h sill plnn , ( il lu I In I iision oi In « \ a poi at im; I lu n lU jiu ons soli 1 1 ions 
with pol\ siilphuh I lu \ in.n also ]•> |)n ]>.in d lioiii eoiiijih \ e\ a null's ; 
polassinm lhioe\an,i!i loi iiislaiu( is ohianud In lu.iliii'^ loLullur 
pofassinin htioev.inuh polassiiiin e.nhoiiah .iiid snljihin. Aniino- 
niiiiii t hio'*\ . 1 11 , 1 1 ( is loinud h\ w.iiniiii"’ lo'ullui Indioev.inie iieid 
and \ < llow' .iininoniniii siilphuK solnliom 

iU’X MI,S(’\ ! MI, IIS. 

:md Is fhns pnp.inil lioin llu* ev.niuh loinud in !,ms inamilael iin*. 
Il in.n .ilso l)( ohi.inud In lh* nihi nlion ol * nhoii (iisniphide and 
.111 aleoholu Mihilion ol .nniiioin.i \\ lu n ll'ti) 100 l'I.iiiis ol eaihon 
<lisiil|)hi(h .in nn\. d wi'li 000 LM’.nus ol lO p( i <■( nl .ileohol and SOO 
1 , 0 , nils ol ainnioni.i -ohilion d 0 0 Il‘ (hnsilv Hun is loinud on 
slandni'r a ini\liin ol .iininoinii'ii I hioe.n hon.il < .n.d 1 hioe.n l).nnal( ; 
.111(1 t lu se on lu .il iii'j \ u Id I hioe\ .ni.ih , I hi is 
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IVil.issinni I liu)( \ .iM.il • ni.i\ .iKo lu picjumd l)\ |>.issijiLr evano^en 
^.is o\ ( r he.lhd pol.issinni disulphide 

((\i. K.S. *JKs(’\. 

I hioe\ .line aeid m.iv Ix' ohtaiiud in sohilion hv di eoinposiri^ 
baiiniii lliKK'N .malt with an ((|ni\alinl (pianlilv of dihile siilphniie 
acid, or 111 (he anh\dion-> sl.de h\ dislilhiiLr iK polassinni sail with 
(hhile snlpljniie or phosphoiic .leid, ji.issniLf llu' \aponi llnoni^di a 
lnn<f calciiiin chloiidi Inhi.and llu n (oiuh risiii'^Ml in a Ins /iiil^ inixhin*. 
A better way is to dro|) concent i;il < d sulphuric acid on to a nnxturc 
of potas.siimi thiocyanate and ])hosphoric oxuh in an atmosphere of 

* Wiel.ind and llc'i'., Jli' , I'Mitl, 42, ilUb 
^ B('I^c■llua, Schiiwjift r' s ,J , ISJO, 31, 42 
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h>(lr()<'(‘Fi ' 'riu acid distils oxer iiiidi i a pK'ssiirc ol H) (10 mm TIi(‘ ' 
acid may also lx ohlamcd I'lom ils msoliihic s.ills, siu-li as llios« of had 
and mi rcm \ . 1>\ di c<»m|)osm<i llicm xxilli IixdioLji ii siiljiliidi . Al oidmary 
tern pel a 1 1 IK I luoex a me .m id, w hose \ apoiir is slal)l( , is a cli <ii . \ i lloxMsIi, 
volaLil( , oil\ ]i(|md ol iinkiiown lxMlii>i*-pom(, uhicli wliiii siillicii iil ly 
ccxiled loims colomhss civslals, slalilc* m dr\ li\dio'(eii al l.V C’ , 
xxliicli MX ll al .1 (' and n.xlilx d(compos(‘, with (xoliilioii of lx at. into 
In droc\ .MIX .x*id aixt isopc 1 1 hioc\ amc acid, (V •’ ) 

a(‘id IS soliihK III ( I lx I , aixl Is slahh m diluU* .x|ix oils soliil ion. Crxo- 
scopic measiiicmenls m l)i n/i ne, etc., mdic.itc a mi\lm<‘ of siiiLilc 
and donhle moh cnies. 

'I’liiocxamc acid m.n lx lepnscnhd l>\ llx Idrimila \ C SII rtr 
SC Nil. Piohalilx llx iixn '[.line sails ha\ e i lx cjjiisIiI ill ion k pu si nh d 
hyllx (list Idinmia as \m II as I lx* i sh isd< i im d lioni llx m Tlxsi'isleis 
ari' coini ili’d into ^nlphomc .icids and Indiocxamc acid hv o\idalion : 

MMI ! M.O I ‘20 HM).II NCII. 
and are reduced bv nasci id li\dio'2« n lo nx icaplans . 

N( .sl{ ; ‘211 KMI 1 \( II. 

'I’lii'V can, howixir, nndei«x> isonx i ic <*hani^x mio llx islias ol isolliio- 
cvanie acid, which aie llx imislaid oils 

X (' SIJ SC \K 

This ch.mije is a( comp lined b\ llx ixolnlion ol Ixal. wlneh loi Ihe 
nxllnJ i sli r amonnis lo liSOO caloi x s - 

Miasiiiinxnls o| (lx moliciiKir nriaelion ol Ihxxw anali s ha\(‘ 
lieeii inadi' b\ I)i\on and 'I'axloi 

'rile Ixal ol loimalion of Ihiocxanic acid m aipxoiis sohilioii lioni 
ils clenx Ills IS llt,<M)() ealoix s. and liom IIC\ai| is ! aS(M) i ah i x s.’ 

An aipxoiis sohilioi of llnoexaiiic aiMil is laii’ih lonisi d ,md 
apjiroaclx s In <lr(x*hloi ic acid m slnni^lh 

Helow an L,n\eii llx eoixlnclivilx (>/) and di^m ol dissoii.dioil 
(y) al \ .iiioiis dihilions (i' lilies) aixl C, wlxnce Ihe coiisl.ml K is 
calcnlali tl.^ 
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^ iilii mi mil li\\, />" , I'iDT |0, Jllii), i .il''i) It m k .md Slniimrl / /'iiImIi 

nntiiij ( 'Ilf III . I 'll 2, 7y, "il 

^ 'ril(Mii‘*Mi, I hi I >iin' fn nil'll In f'ntit'>iiili'iiiili‘ii, ISSli, v<»l i\ 

* DiNuii iiml r.ixliM, 'I'niiis < III III i^ni , I'dn, m27 

* .Jii.iTiMiH, ('iniifil trjirl . IssJ, 94, T'lT 

5 Ostw.ilil, Lihihmh du iilhji in Clttni, IIH).}, 11 , I, 729, rvudolphi, Zed'll /i plni'^ikul. 
Chem., IMi."), 17 , 39:{ 
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SiliYt J hini't/dudlc IS ;i ciinlv anIiiIc pii ciinl.ili' i rsi iiihliiiL; silvrr 
C‘lil(>ii(l(, Mild iiis(>lul)](‘ in iiiliK* .icid , t'lifhods Ihfoi ifii loiiiud liv 

uddiriLf I .iiimIi ^nlnlKm In <'n|)|M r '.iilpli ih in pn s( ncf n|' Milplnnnns 
MCld, is .dsn .1 wliih pi< (Mpil.il. 

iiinv '! hnmfdddlt is IIk l)Inr»d-i(d siih^l.inri fniimd in ^olidioii in 
Ill(‘ \\ cll-klinwii hsl Ini linn 'I’lils ii.iclinn ll.i^ lu(M Mit siil)|(<-l nf 
(■\lindid in\ ( s| ilmI mil l)\ nnn'jin\ .iniii ' whn li.i . slmwii lli.il il iii.in 
be (jiiilc snnpK k pn si nh d llins 

FiCI. , ;jK( \S- r((( \s), 

i 111 (‘olnin lx iiil; dill* In nnii-innisi d In (IN.'S) .iiid il > ml i ii -.li \ di pindinir 
nil llic pindlicl n! Ilii cniiis nl l .1 1 inns nl liiiic ,md I liinc\ .lli.'i I • ’ lolls 
1 he (Il cnlni is.il mil nii d|l||||nn Is dil< In Indmlv 1 nl iinii-iniiisrd 
l'(((\S), lliln \illn\\. ( nllnid il l<iii(* li\din\ld( ,iiid I lilni \ ,1 iiic .icid. 
I*liilip ,nid III. mill \ “ linwi \< 1 (niiliim lln pid'!mi nl nl nlln 1 nl)s< i\i is 
lll.lf loss nl cnlniil Is .issn(i,ii<d willi nduilmn nl iinii. .ilid slmw IImI 

I lie Ini Inw tlll( ( ( pi.l I mil Mppl n\mi.l 1 1 i\ H pit si ,|| s | |i» ( ||.| llL^i 1 1 1 .K p l( ( )1 is 
snliil mil 

,sr(((’\S)j ! (IILO sIn((’\M. 7II(\S ' (O. H.SO, ! MI,. 

I ] U discIlM 1 umu < >1 I lx coin 111 b\ n \. 1 l.d < .. 1 .1 ' I M 1 1 •< tie. Is cm 1 is( d l)V 
llx‘ rniniMlinii nl cnmpN \ mils willi III. l(nicmii>n| ||x miiis.d It me 
1 liincN <ni,i I (*. wlixli (Miisi s IiiiMki mins.ilinn nj |||i nd nnii-mmsi d 
smII imd const (pn 111 loss nl i‘nlnm 

’M()l\ belt nnm mix! \.m.i'lmm I lixx‘\ .iii.ih s .\\^ .il n nd .md Ix'Iimm* 
similMiI\ In lilt' b me s.ill 

Mi'K'dtK' I'llllK Ifd ddh', Inllixd.is.l wlllli pntipll llt wlx'll m'l'CMIlIC 
cliinndt Mild pnl.issmin I lixtc\ .m.il« ttliilnms :n hum d Inirtllxi, is 
soil I bit ill < \ci ssttf ( il In • sniiil iini \\ Il (I di X d I Ills ill is mll.mmi.ibk'. 
xiid III biiimii'^ Imm-. .1 \nIimimnii-> n sidm I imwii .is “ IMi.irMnli’s 
siiptiils” Ainnitiiiidin l/idu /fdddfr l^ (nii\iil.d winii Ix.iltd in llic 
iiisi (I sl.'ilc' min I limni' .1 

MIjCN.^ - . iSfNII ' 

When m<xl(i.iltl\ Ctnict 111 i.ili (I '‘Iil|iliiii X ni li\ ilinclilni l(‘ MCld is 
V .11 MX (1 uil II .ilk.ili I lixx'N .m.ilt <1 \tlltc\ Milxl St |i.,i.il' .'iiid c.iibniivl 
siilpliidt i,Ms Is t \ I .|m d w lix 11 1)111 IIS \mI il ,1 |).d. ‘ nl plim nm ll.mm 'I’lic 
\ < Mow snbsl.nict ( nnl.ims isti p- 1 1 Iimc\ .mic .icid. Ini nx d, I oti 1 In 1 \\ i( h 
li\ di nc\ ,1 me .icid. .ictnidiic’ In lln ii.'(lmn 

.{('N.SII C’>\>.I 1 , II(\ 

'rix' c;iibnii\l sniphxli i^ pmdnct d loLftllxi willi .iinmniiiM, b\ Ihc 
In drnb sis nl I lixx \ .mic .n id \\ Inch, .ict tHtlnx,' lt» K I 1 -.tin ' is ])it ceded 
IlN llic i'nim.iimii nl I liinlc.il b.inilc .x xi. I Inis 

( N.SII : II , 0 . IIS (() MI . . ( O.s ! Nil , 

licsxh s tin sc pindncis linn .ire nllxis, mcIndniLi Indincin snlplndc 

* r.i)iiL:if»\ .11111:, ifl'i l'M )7 •’7.1, I 7 J, I'ins ^.' 5 , 11 "1 J'.l'l , t/nni fnmi , 

49 , 

" I’liilij, .iiitl r,i mill \ I util .s,.i ]“i 5 103, 7 ‘i", 

‘ III ' ii'il.l-, .iiul \\ I I '1' I III ' (!,>,■> Si I l'»n; 8j, 1 , Siiuls .iiitl Kflim i, /’/„,■ A' 
AL'i'l ll,^„w/( ]t 1^1. •i/'.ni I'M' IS. i.s; 

* Kl.istui, / fiiiiU ('him, lss 7 |.i! 36, ', 7 , I sss. 38, 8S.‘{ 
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and snlplnir, wliicli rc'Mcl’ uilfi llii()c\ aino acid lo produce the disulpliidc 

/ \ 

oi tlliollliioiicaiiiainic a(Md I S(' ), lliiis ; 

\ 

‘J('\SII ! II, S I S ll,\(SSSCSXIT, 


This coinpniiiid. lio\\(\(r. d( coin])oscs on ^^allllln(^^ NK’ldiiii,^ aiiiiMoiiiiiin 
tliiocvaiialc, caihoii disiiipliid(‘, and siilpliur, lims : 

(MI, CS S), . Mlt-CNS -} CS, f S. 

lis I Ik achon of /iiu* and ludrochioiic acid llnocN'anic acid is rcdnci'd 
to I III Inoiut niai(i< li\ d< . annnonia, nu I li\ lanum . li\<li<><:in siilpliicic, 
and Ii\ di(u-\ anic .u idd 

Ihoiiiiiic oxidises tliiocv.inale (pianlitaliN i Iv in a([ii(oiis soliilion, 
Unis - • 

KSC'N I !Hi, I-in,().- KHr [-(Mir | II,S(), 1 dlllh. 

Isoperthiocyanic Acid, U,Sj(XII],. as slahd aI)o\(\ is foini'd l)v 
the action of acid of nuMlc iatt* si n ni^d li i' i> 10 j)( r c‘< iil In dioi'liloiic 
acid on annnonnnn tlnocNanaU It can Ix' ci \ sl.illised lioin walir 
in ir()ldui-\ ( How nci'dhs, and is ncointihd 1)N polassiuni cvanide into 
tliiocN analc : 

C,S,N,II, -h KCX ^CXSlv I tiCXSlI. 

That it IS pi(»hal)lv an iso-acid conlainini,' iinid( i^ioiips is sliown by 
its reduction In' nasc( nl Indroi^en lo lliionna and c.irbon disulphide: 

C,S,(XII), |-L>II - CS(X1IJ, -I CS, 

Sails of the isonniic normal pel lhioc\ anic .leid, C,X,S(SII),,' 
ai’(‘ forined l)\ (he action of alkalis on tin* no-acid, but the liii' aeid 

X\ 

IS nnstabh'. Xormal and iso-dilhioes .niic acid IISC' ,CSIT and 
All, N'/ 

SC'^ ^'(\S respeci IN < Iv. are also known; as well as Inlhioexamc 

acid, (CXSII)., which is fornud by the intiTaclion of cyannric cliloiide 
and alkali snlphidi’ ' 

Detection and Estimation of Thiocyanate. A Ihiocvanale is deli cted 
])y its bihaMonr with acid desciibed abo\i, and bv the blood-iid 
colour piodnced with feme chloinhx which is discharged by niercnric 
chloride, owinif lo the Ibrination oftlu^ comph'X salt • lIi^CXS IIi^Cl,. 

It may In* csliniatui i;ra\ mu I ncally liy jin'cipitalion as cuprous 
thiocyanate, or by o\idalion by perin.in^anatc to siiljihatcx winch is 
pncipilaled with baiinni chloride.'* Volnnietrically, thiocyanate is 
csliniatcfl by N'olhaHl’s inctliod. in which its solid ion is titrated 
into standard silver nitrate solution, contaimn;' iiiliic acid and a 
little h rric sulphate* to inelicale* by means of a jvd colour wluai the* 
thiocyanate has be-e n added in excess. 

It is also said lo be possible lo titrate ciijirons Ihiocyanale with 

' iroliTiAnTi, {»•! , ISIm, I, I 7{) 

^ Kf'iiiir, •/ }n(ill ('fum , 1*111, fii], 84, .'j.liS 

•> ,/ , 1SS7, |n|, 36, .77; ISHS. 38, 38:1. 

’ ITolmiinn, Iln , iSSil, 13, 1S.7I , IS.S.j. 18, 2J01. 

■ Alt, B(r . ISsu, 22, :i_*7S , Imt s(‘o ( and Tlolti-r, Chem Zeit , lOUO, 33, 348 
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afh r (]ism) 1\ m(r ii m ainnxaiia, and acidilN ini; the solnl ion 
willi (liliiU siil])!nn i(‘ andJ 

Cyanogen Sulphide ( 77/ a/ r \ 'iJn/ili iiL ).(('\).N 'Tins coiniioimd 
K'Mills liom llu Mill i.\( Im»m oI siImi I liioi*\ .hi ill and is.iiioL’iii iodide. 
It is roiin-(l 11) (lii(t(,il solnlioii <*ons( (jiK 111 on llu -.i o.ii >1 mn ol llu* 
MTV insoliilile sil\(r lodidt “ 

(’\S\ir -1 CM \irl ! (( \).s 

TIh' siilpliide fi \ si illis( s Ironi e.iilioii disiilplndi soliilion .il 0 (’ in 
ilioiiiliic l.ihlels winch siihlnne .il»o\c.*»n C. and null al (50 (' .ind 
dissolxc in walei .ilciiliol aiidillur. Iml me d'eninpirid l)\ alkalis, 
lil*eol]ni I liio.inliN di idi s nilo a inixhiii of llim aiu I o\\ - sail . 

i(N),S 1-‘2K()II CXSK (\MK ! II^O. 

ano.ifc’ii St h nidi . ((‘\)^Si. alsoixisl-, ’ 

' ll>)iiii> I !>.</'. Ill' I'll I i 6 , J Jti 
l.nmi-iiMin {ininh", I'*!') 70, I'» 

®Silmi‘iilii /^M^/ Imi'ih'i |s(*ii i2(). Jilt 
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SILICON AND ITS COMPOUNDS 

SILICON 

Synihol. Si. Alomic ‘JS ;> (() KJ) 

Occurrence of Silicon. \ll]icHiL''ii nol nc'ciii i iiii' ihiIiiimIIv in IIk- 
Iic(‘ sl.ih ii|)(in (Ik j.iiIIi. s>licnii is. iu\l Inow^iii, lln mosi jilcnl ifiil 
of lli<‘ (l( nil Ills II is .il\\.i\s loiiiul comlniiid uilli ()'\Lr(ii jis siIum, 
^\ inch < \ Isis 111 \ .11 ions loi ins ( il h' I in iin in ( sl.iU , oi mill ( d \mI ii \\:il(‘r 
or ^\llh iiK l.tllic o\id< s. ioiininc iii< nniiK ions .ind In (|iu iillv coin|)I( \ 
silic.ihs of which lln |)mnili\( kkI.s oI lln (.nlh's (iiisl so 1 .iil^(1v 
coiisisl. 'rinoiii;li i hi’ IIK diiiin ol w.iUi silic.i is .issimil.ih d l)\ ((il.iin 
|)l.in(s ^ III id .‘imin.ii oi i^Minsins ~ ; il s pi < si ik‘(‘ h.is lx (‘ii di I ( 1 1 * d in I Ik 
siin and nian\ sl.irs, .is U( II as in iikUoiiIis, as, for insl.nici, Ih.il of 
the Di.ihlo C anon. 

History, 'hhe hisloiv ol silicon and ils coin|)onnds coiimik nccs 
‘With IIk ohsinalion of Ihclii'r that silu'ions iimai.iUaK snil.ihh for 
yl.iss-iii.ikiiiLj. ,uid conl.nn an “c.iilh*' which he ii.iimd lend iilnsn- 
Oihw III 'laclK inns IoiiikI Ih.d Ihis “ciilh" conihiiK s with 

alkalis, and Ihiitroii* poss«ss(s.ni .icid ii.iIiik’. h'liillKi knowliiha ol’ 
the < icMiicnl was i;.niK<| hy ScIk i Ic, who in 1771 prip.ihil In diollnoi i(‘ 
ncid, and ihciicc silnon h I i.dlnoi idi*, w Inch with w.ih r n k hh d sihcu* 
and In (IioIIiiosiIk ic mads 'I'Ik (h (‘(>niposil loiiol (Ik* alkalis and alk.iinu* 
cailhsin ISOS l)\ D.inn hdloIlK lx Ik I 1 h.il silica is also a ( oinponnd ; 
and III I he saiiK* \ ( .11 Li i/i hns ohl.niK d* w hal Ik* lxht\id lo lx* '.ihcon 
(“ kK*s< is ’*) h\ lK*,dinix in»n. carbon, .ind sihc.i toLji Ihci. 

(Jav Lnssac and 'rhuiaid* wori* plol>.•d)l^ Uk* liisI, how(\(*r, to 
olilain lh(* ch iiK 111 'I'liis IIkv did in isil. In passim^ sih(*on hlia- 
fhioridi* ON (*i Ik.iIhI |)ol,i^sinni ; nnIiiIsI 1 >< r/t hns, ’ in 1 S‘j;}, di compos d 
polassiinn sihcillnoi idi* ’’ wilh |x>(.‘issnmi. and ohlaiin d nvIm! \’i 140111 on \ '* 
lias slioNNii lo lx* inipiin silicon. Onr knowl(*di4(* ol amoiphons .ind 
CTN slaihs(*d silicon is dm* pnncip.iIlN lo I Ik* k si.ucIks ol' \\ohki* anti 
Si. ('laiic-l)«'\ ilh Moissan and Sinih*s,^ and N’li^onronx 

^ I’t'i ( III Ini .imi Xiidii, lii/i (Ill'll J’lii/'i , IS'lJ, |m] 27, ll-i 

** Si hull/. Mumh 1/1/ \\ III / 1 ii>.i III , IlMIJ, HO, l*jliii}ii\ \nhii', 1001,8,^^ (>7 ; 

19(>L’. 89, I IJ 

' (J.'i\ l.ii'-'ii’ .11x1 dlxM.iiil, '•I !• Ill I hen III s filiif'^iiii-iJnimijiii'^, l.Sll, j, .‘{I.J. 11. ."i.T 
Oci/i Ini'. /’f 77 /n l.sJl, I loo 

® 0 lu* \iilhi)F [)if li'is 1 his ix>nii ill l.il III (ln‘ iixiic Kiii.il li'i 111 siln u llin)i nii 'I’hi* 
snili IS nut <1 siliious <ii'ii\.ili\(' Mllxnii'h silxuns lii n\.i 1 i\(‘i .in* not knuwii t^i 
exist, th.it no jiistilic .itioii liM Imii iiiwiixj tlx 11 ixuix'ix l.iliiri Mm 11 il * 'iln n- 

llu(lll(lr‘" li il Ciill ll|»t Kill tit "* sjlll III) IlllOlIlli', ' Mhich Is ]iliili,|ll|i', it l<^ liil|l‘| ti> 

nilii|)t !i iximi-iifl.iliiic whii'h is i i)iisis((«iit thi<iii"liiiiit (‘imi|Mn>. hn, (‘\.im]ili , \Mlh 
tlx- s| iiiiiii hlniiili*, K^Sii(*l,,, nNi) tin* {il.itiixi- .iixl jil.itiiii-chliinili-s, K l’ll 'l, .unl 

K J’tCI,,. ri {x I liM l\ , I If 

\ iHDiiiiiU', l///f ('Inni Phil , I.SO7, f\ii], 12 , 

’ |)i\ill(*, 1/01 ('hnn, Pliih , Is’ili. pii], ^9, 00 
Mms-.m .11x1 Siiiili' ,('tiiiijif uinl , Isot, 116, ) IJO , lOoJ, 1^4, riNJ , I'loj, 138, iL’Oi). 

" Viifouuiux, Co////// um! |s'»i; 123, ll.l, Ann ('him Vlni\., 1897, [viij, 12, J5J. 
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Chemical Characteristics and Relationships. — Silicon rorins with 
boron and carlion ;i liltic <fi‘onp ol’ non-niftals, ^\lIi^‘h in ilu' ( Icnuaitarv 
state aie cliaracl* rised })v distincl .dlolrop\ aceompanicd by liiljli 
nioK'ciilar nanplexil v, so llial lud onl\ ;in‘ ihe eh mi nis non-\ olahlc, 
e\(‘M a1 ln«rh tt mpi i.il iiu*, hnl I la v are, lor Ihi s.mie nason. eomp.ira- 
tnely null to^\aI(ls elienneal nai'enls Silicon m eomlnnalion, liki' 
carbon, is almosi in\,mablv ipiadiualenl ; 1hoii<:b il ap|)ears that 
silica IS reducible lo a Ioam r sl.ilc of oxidalion m wliieli Ibe eleini’iit 
IS bnaleiit. Silicon is oiu* of (lu li.isl i‘li elroiu ual i\ i of llii' non- 
metals, and forms compounds willi oilier non-m- l.iU moie reailily 
than \Mtb metals; moreo\er, silicic acid is a \ii\ wiak acitl, and 
shares wiMi bora*, ''lannie. and somi ollni .leids llie lendenev lo foim 
condensed acids 

Silicon is the si'cond membi'r of Ihe fomlh i,Moiip of Ihe IV riodic 
sysU'in ; thus it occupies a posilion m the ciiitre ol the si eond short 
period. lak(‘ its nei^Iiboiirs m Ihis puiod. il shows a nlalioiiship to 
the first membei of the i^ionp m Mils case carbon which is bv no 
nu'aiis cl()s(‘, since all the iiu mbi is of I he liisl slioi I |ii nod show miiipie 
characlerisl les, whi(‘h sipaiate Ihim horn llie n >1 of the eli mints. 
KspecialK is this the cas< with carbon, lo wlii'‘li silicon, e\en w'llh 
our extending lvnowled}^e of ils iMp.ibihl k s. will piobablv ne\iT 
be found to bear .my close relationship, 'riie n lal lonship betavecn 
silicon and other (‘lemenis has bi en fiilK discussed m Ihe ml roductory 
chiipter. 

Preparation and Properties of Silicon. Silicon ixisls m two dis- 
tinct allotroj>ie foims; anioiphoiis and cuslalline. Scmi.iI ^.lllelK‘S 
both of amoiphoiis and civst.dime silicon Ii.im bun di scribed, 
but it. is doiiblfiil whilhii lhe\ sliould be reicaidul as dislmct allo- 
tropic foims. 

Amorphous Silicon. Pn'i)<n<itu)n Amoiphoiis silicon niav Ix' 
jm’tiared m vaiious wa\s, neaily all ol which consisl m lediiianii: sih<*()n 
compounds with metals. 

(1) Silicon lliioiidi or chloiide m.iv be ndiieed by sodium or 
potiissium, e.ii. • 

SiF, h fXa ■ : Si |- tXaF. 

Gay laissac and Thcnaid ’ passed silicon li I lalliioride i;as over 
hcati d iiolassium, and l)< \ille - emplo\id silicon ii 1 laehlonde xajiour 
and sodium, whilst Ilcmpel and \on IIaas\ * pass( d silicon ti ti.illuoridc 
onto sodium healed lo 100’ ,>00’(’. m a cast-iion ciiicible. and allow'cd 
the mass lo cool m a ciirrenl ol silicon t<lralluoiid( so th.it sodium 
silicilluoride, Xa^SiF,,, was foiimd, which was cusiIn siparalcd from 
the silicon by mi a ns of wab r. 

(2) A sliirht niodilieation consists m redncimr a siliciMnoride with 
sodmni or potassmm, thus : 

K.^SiFb {- fK - OKF Si. 

This rc.action wus cmjiloyid by Berzelius '* m 1.S2:}, who healed the 
rca^'cnts to^a-thcr in an iron tube, and siib-'Cipii'iill'. nmoNcd the 

^ Giiv l.ussai arul Thiii.inl, Ilnlunlu^ jifnf'-ufhcfnmiquf's, iSll^i, .‘Jill, ii, ."ill 

® Dovillc, Cfiirn Phij'i , IS.IT, |m], 40, (I'l • 

“ Hpinpt'l .Tail von Haas\, Zul^ih tinniu dum , 1900, 23, :J‘2 
‘ * Bcr/i'lais, Poyg. Annahn, IK24, i, 109 
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l)(>lMssnini nuoridi- ])y walci. "WohliT ' (.‘mplnyc'd sodium silicifluoride 
and sodium, ;nul licahii the nnxtuie, eosind with eommon salt, in a 
clay ciiicihlc. 

(.‘i) A luillui uulhod consists ju rtdncin*,^ silica by iK'aliiiL; li with 
a mdal rol.issiiim and sodium wcic employ d, but witliout j^uM'at 
success; ]jo\\(hTcd mania sium has, ho\\c\cr, Ix'i'u found to be a 
suilal)h ii duemn a^e id, and the n action may b(‘ canu d out as follows - : 
P(jwd(‘rtd <|uarl/ or Ihoroujihly dricd^ ])icei])itat( d silica is mixe d with 
maniK smm powd(T m the porjx»rlions rcepiircd for the re action : 

SlO, -I- Si + ‘2Mir(). 

and a epiai l( i ol Ihc weight ol calcna d mania sia is adde d A 'I’lic mixture 
IS la aUd in a clay ciuciblc, liist at .*t()() (\, fuilher to ensure 
tlioiounh diNinn, and lla'ii at a red heat. Tlie reaction (piickl\ occurs 
with i\ohilion of much heal : and, after eoolinn, the silicon is isolalcd 
by trialing Ihe mass with h\drochlorie acid to dissolve* tla* mania sia, 
and with h\eli<»lluoiic and sulphuric acids to it mo\ e the n maimnn silica ; 
lh(‘ silicon IS tla n washed with wale i and dia d in a cuirent ol h\ dionen. 
ir the reaelion la came too Mtile id llaie* would be a tt'ial' nc\ lor the 
reduced silicon to combine* with the unclianneel magnesium to form 
siliciele* aecordmn to Ihe le act ion 

SiOo -j tMn SiMn2 

thus tlu‘ silicon iorna ei weailel be diminislatl in (|uaidil\. and would 
be impure. The mania sia is aelekd to ivt.iid the le.ielion ; and bv its 
means the* silicon obtained is eif 1)(5 PT per cent, purilv 

As a l«d)orale)r\ expeiimcid silicon ma\ be* jiie panel l)\ lieidmn 
111 a haiel nki*''' lube !• p.iils bv weinhl of Iheiieuiehlv eliu'tl powderexl 
white* s.inel willi 1 ]iart eif mania siiini jioweli i*.'' 

(V) Ameupheius sdicem is tiroeluced wlan elecliic sparks are passed 
threainh lapiiel sihcei-t Ihaia*^ SkII^: aial thus eihlaiiie el, possi‘sst‘s 
the ]iowcr ol icdncinn ceild laulial pe)lassium ptrmannanale solution 
and bealiiuf cop|H*r. neilel, anel meicuiic soiiilams. 

Piopcitics of A in(H})huU'< Silicon. -Pure*, amoiphous silietm. piepare'd 
from silica by means ol manncsium, ae*coielmn to the* methe)d of 
Vinouioux, IS a bieiwn, h\ nr<''’t-*o|Mc powelii with a deiisitv of at 
IS'' (’. and a specdic heal ' e)f ()‘J1 tat *21 (’.which is nreatei* than that 
of cr\slallised sihcein. (’aiiibi has e)btain(*d anol la r \ ant l\ of anair- 
])hous silicon of a reddisli-A cllow ceiltair .inel elensitv 2 OS, anel considers 
that the eliffertnl amorphous sdicems are not clearly eletineil alleilreipic 
forms, bid masses of forms ])ossiblv ])ossessinn dillere'iil molecular 
striietures ” Accordinn to Wdke-Deu’furt.® .i less naetue, n^ey iorni 

^ Wolihi, Amiulni, 104 , 107 
- \ iiimiKiiiv, \im ('/inn I'/n/'^ , ls‘»7, |mi|, I2, a 

'* (fnlos the* silic.i i'i tlioiaiiddv din’d u dani/eioiis esplasion m.iv oee*ui . ("'pcimlly 
if pre*t*ipitnte‘d silini is i*iiiplo\ed S«*e (t.dtei inami, litr , iSSll, 22 , 1S(5 AVinkl' i.JUr., 
1890, 23 , 2052 Vijiounnix, Ann. C/um rin/f- , ISa7, 12 , 15It Pdwl'i*, JVluimrv 5, 

1910 

4 WinkKi, Bcr, ISOD, 23 , ‘J()52 
Cialti’imnnn. />V; , ISSM, 22 , 180. 

Woissan and Snnlis, <'(m}>l rend.. 1902, 134 , 1552 
’ M ifiaiid Ann' /Vu/n , 1907, 21 , 97 
Cfiinbi, I//i ]{ Afiiid Line,}, 1911, [v] 20 , i, MO 
** Wilkc-lHwtiJit, Feslsc/irift Ollv Wnllath, 1909 071 
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of amorphous silicon ( xists Tli(‘ onliiiarv nmorphous silicon cmm easily 
be nielLecl in a niiiillc runi.iee, .ind \apoiis('(l in Ihe eleeliie riiiii.iee, 
yielding a polxalDinie \ap»uir.^ Jl readils dissolves in maiiv niolLeii 
nielals ; vvilli sonu, siu Ji a^ iimijm‘ ''Him. eoppe r. non. and inelvel, it 
forms silieidis; tiom ollnis, sneli as aiiiniiinnin, il si-pai.iUs in llie 
crvstallnu sl.dv on eoolni'r II himis vvilii dilluMilIv m an, bill Inil- 
lianth ino\\if<n al a iid Inal, IbiinniLr siliea 'I'lir Inal of eombiisl ion 
of ainoipiions silieon was loniid by von Waibnbiii^- to be lOa, ()()() 
ealoi'K s. PrtvioiisK ueoidid valiM'.aic 1 S ealoi n s by IJerllicloL 

and 191,000 e.iloins bv Mi\l(i II eomlnins willi !,Ms(ons llnoiine 
al ordinary h'lupi lalim . loimiii'i lln* b I ialInoiid<- Sil*’, : and witli 
cliloiine aL 1.50 Inonnin al .500 (' .nid lodiiii* al .i slill lii;,di( r leiii- 
p(ralni(‘, in (aeb e<is(‘ lo i«»iiii lln^ h I i.di.ilid<‘. Silicon (‘onibnus willi 
siiiplinr .il 000 willi niln)ir, ii ;ii |(«oo (' . .md willi boion, eaiboii, 
lilaiinini, .nid /iKMMiinm in tin* ( It < Iik* liiin.ie<. (•asioii'. and li(]nid 
h}dioui 11 linoiide (asiK disM»I\» silu'oii, lull livdio'^i n ( blonde, bioiiiidi , 
and iodide havi' lilth .’lelion on il (mii .d .i red Inal Sie.ini n'aels 
slowly wdli silicon al .i nd Inal, loiiniiiLf silica and Iivdioucii Most 
oxides .ire lediued bv silicein .il Imili binp<ialnii, lln allinilv of tins 
cle'ineiil foi o\v<Mn exceedniu lli.il ol all e*llni e bin. pis c\ee‘])l the 
alkali and alkaline* e .n lli me lals .nid IxMein .nnl .iliiinininm. 

All aepieons aeiels, < xce pi .i mixlnie of liveliolliioiic and mine 
acids, aie* willnaiL ailion on silunti. bnl liised alk.ili and aepieons 
solnhoiis of alk.ili di'-se»lve il willi e‘\e>lnlion ol li\elie)Lan, Ibns: 

Si I 2K()U } IIoO K,Si()., j ‘JII, 

Wile 11 silicon is fiiseel with sodium (“aiboiiaie, silicale* is IbriiK'd and 
c.nboii monoxide e\(‘l\'<‘(I. Inised polassmm dn*liiomal( . cliloralc*. and 
nitrate' eixielise* silie'on. bid a niixliire* ed pol.issmm I'liloialc anel fnmiii^^ 
mlncaeid has ne> ae'lion upon d (</ caibon). 

Crystalline Silicon. l*i>jKnalnni Silieeai .issnnns Ilic crystalline 
foiiii nneli r lav eiiii.ible* esunldioiis "I’lins il m.iv eTV “^lallise' iVemi a 
state eit seilnliem in me l.ils, tieun a sl.de'eif Insmii, eir ironi llie* eeiiielitiein 
of V aponi 

(1) C'rv st.illiseel silie'eiii was liisl oblanieel b\ Dev die m ISai, 
diirinir lln- ]aoelne-l mn ol .limnniinm b\ lln e ie e*! iol\ sis ol I'lise el sexinim 
alnmiimim eiiloiieie- conl.imiip^ sdie-a as an impmdv. Tin- silie'on 
crystallise-el from I In- .limnimiim, and lemaiinei In liinei wlie-n llie- metal 
was dissolve el m liv elieK-lilen le- acid, jiisl as Lfiapliile- le mams wii<-ii c.ist 
iron is siimlailv Ir. .ib ei 

(2) Mediler^ obl.mnel e-i v slallise el silicon in a snnil.ii w.i\. anel also 

deviseel the fe)lbiwniir nn lliod lor lln prepaialiem ol Ibis siibslaiice; in 
etnanlilv . 1 pail e»l .dmmninni was liise-el vvilb 20 pails of sodium 

silicillneiridc tdi lifbeii niinnbs m a Iles'-iaii crne-ilib ; and lln- piexlnct,, 
when cold, w.is tn. de-el willi liveliocbbuie anel bv diolbioi ic acids, winch 
dissolved the almiiinmm anel soelmni linen id. s, Kaviiii^^ llie silicon 
behind. Vi^onroiix iiMMldnel Ibis nielbod by Inalm^ a mixhne of 
40 prams of dlnnniiinm anel 12,5 prams of pedassnim silie-illiiuride for 

' V(jn \V.iin-id» ig, hUJior/i, ni , I'llJ, (mS 

■ Von W.ute iil»e m, U ]J)IJ,,4.5!> 

® JJevilli , 1 h/i (’him 77///-' , 18.55, | in], 43 , 27 ^ 

* WobliT, Atnialen, l.s.iei, 97, 286 , 1857, 102, .‘iSJ 

* Vigemioux, dw/i. Chun. Phja , 1897, jvaj, 12, 55. 
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half an hour in an iron cnuiblc to a brifrht red heat. In this way 

about TiO jrrains of silicon W(‘re oblaiiicd after treatment with acids : 


8K.S1F,, }- lAI -- OKF H- IAIF3 4- :}Si. 


(0) DeNille and Caron ^ adopted a niodifiealion of Woliler’s nietliod. 
Tliev lieated lo^rellier 8 jiarts (»f ])olassiiun silieilliionde, 1 })art of 
sodium, and 1 j)arl of frr.mulated /me to a k'Hifu iatiire jiisl bilow tlu* 
boilin«'-])oinl of '/me. The silicon nanained after treatment ^\llh 
aeid, ha\in^^ ervsiallised from the molbn /me. 

( t) A furlher nulhod of Vi^ouioiix consists m he.itm^ po\vd(*red 
(juart/ \\ilh (‘\e( ss of almmmnm m an ( leelrie fiirnaei*. Soni(‘ of tlu' 
alummmm ndiuus the silica, and the lemanuler dissohis tlu* silicon. 

(5) Silicon is oblaiiad eivslalhsid from aliimmiiim. \\li( 11 Die 
vapour of silicon tetrachloride is passed over tlu* molten melal. Xo 
combinahon takc's pl.iei* Inlwei n aluminium and silicon.” 

All lire al)o\c iiulhods for oblamm<^ er\ sl.illised silicon depend on 
the ci\ st.illisalion ol this snbslancc from molliii ahimimum or '/me. 
Furlh( r im thods an* as folh>\\ 

((}) t'l \ slallisc d silicon is loinicd bv fiisin^r llu* amoiplious variety, 
and allowiiuf the mass lo cool, 'riu* allolropie chanifi* from amoiphous 
to er\s(alhne silicon is accompanied by the* i\olutioii of Jieat in 
aeeoidanec with I he ((piation • 

Sinm..,|,h = "f calorics. 

Aecoidiiif^ to \oii AVart(*nb< r^f.’ ho\M‘ver, tlic lu'at (‘\olved is less than 
two thousand calorn s. 

(7) Ci\stallm(‘ silicon is also lormed by snblimalion, and was 
obtaimd bv Moissan durinij the disl ill.dioii of silica coiilaiiKd in a 
graphite cnicible healt'd m an eleclric furnace. 

It IS foimed in lh(‘ same wa\ wIk'ii the vapour of silicon tetrachloride 
is ])ass(d through a healed poicelam lulu eonlaimng amoiplious silicon 
In this case the sublimation .ippe<irs to be due to tlu- formal ion and 
dccoiujiosition of a lower ehlori(l<-. 

(8) Silicon IS also obi allied m small, hard eiNslals wlun tlu* telra- 
ohloridc in ])ri‘senec of hydrogen is d(com])osed bv a c.irbon roil licabd 
electrically to a higli ti nipi ratine.''* 

(0) Cryslalhsi (1 silicon is ])re|)ar((l according to tlu' metliod of 
Kuhiic,” when a mixtuie of powderid ipiarlz, aluminium luimngs. and 
sulphur Is healed, ^^at('l hydrolyses Ihe rcsiiHing alummium sulphidi', 
and Sets free tlu* silicon. 

(10) Fmallv, cr\sl.ilhne silicon is produced on a largi' scab* when 
silica and carbon are heated together in an elect lie furnace,'^ the carbon 
being present in ijuanlitv msullicieiil lo foim carborundum. 

When silicon cr\sl.ilhses from molliu siher, some of it is in a form 
which differs fiom the rest in density (2-1-2) and in being soluble in 

* Deville nnd ('.lum, Ahu ('him VhyH., 18l>l, fin]. 63 , lilJ , KSI);], 67 , 435. 

® Ku‘s('r, ('lu)n Zril , MHliS, 32 , 1 1 01 . 

* 'Ironst ami IJaulcIrmlle, ('him. 1870, |v], 9 , 76. 

• Von WaitcnlM-rj', Fishdnijt IT. yrrubt, p. 15‘J 

“ I’linji aml'!'’u'Khnii. yV'/w- ( hem iSor , 1901), 95 , 1601. 

• Kiihno, (iennnii ]*alev( No 117,871 

^ ScliL'id, JinUah Valent No J 8,059 (1899) 
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hydrofluoric acid.’ It is regarded by tlic discoverers as a new allotropic 

cnl,f!rT 7 r'’"^ /„■««. Crvsialline silieon is ligl.l oiange in 

<lth< r 111 black, sliimnir. and ni. lallie-lookini; sissal.d pl.ilis I'hieli 
rnmn^ ‘'V "'Ikoi.. o, in long n.edl.s, 

•lIKl ser 1 1 b“' ' l'"' •' "I' * on Moil's seale 

Xl. : " \ oleuslalhne 

nV'V '■''I ‘'disoiili 0 (‘),S7(!. ' at, 

les at liKrli 'I't •*(>.,1111 ,i( jj (.0 |(,()7 '|'||. ,,1 ,,( rise bi comes 

aboiil ."X Vb'!"'' ('’'i''' "o'lial at 

^ NHClIlC llc.ll lucOMKS COllsLnil «. 1 I|(| iljUJlI lo 0 ‘JO.'}, 

I X iiVb s .“l V " ■" •' ' ’’lln’c s.licm 

tlieXiriaXX! "" ' 

Ihc MKisI itjfnisr liiKs in ilu sjxcinim of mIicmi jmc as lollnw 
2.>(»7 (H. ‘J.'iln'iO. ‘J.'J-J 1 -Jl*. ‘JVi.SliO. 2 .SSI 70 , ;J 0 ().> 70 . 

S|)nik* ‘j.'/jsoo, • ‘j.ssi 7;j. 

Jim>s iM ll'!*''' i‘''tuisk((l ai( .list, ll„. ni.»sl pnsfsfniL tr th(‘ nlliniatc 
iiMis m llu spaik sjxdinin ul silicon,' 

In eli( lineal piop.ili,s airioi plums silicon 

Vi b m I nI‘‘'‘’''VV '•iniil'ir reaelions. 

\\ llliiosl ol Ihe 1 , 1 . tills, se.pl llios. ..l' III.- alk.ilis sili.a.I.s ai. Ibini.d: 

/ii L, alnmiiiiiii" III,. I.ad. e.i.lmmiii. g.,l,l. a, I m.ieiirv dissolve 

siJuon in (pianlihis winch mco.isc wilh I. mpt i.il m, , ,, they 

torm crystallising ,„.<li,i f.„ Ibis .l.ni.nl '|•b,■ s..lnbilil\ of silicon in 
(iliic, lead, and sib.r lias bi.'ii slii.li..! In .Sn am ns » 


A'I'OMH' WKKillT OK .SlIdCO.N' 

Iwo distniel consid. ml g.n. i.ilK have to be lak.ai into 

acconni in .I.I.iinmmg lb.- al.mi.e «,,ubl .,| ^.1,.! .I.iii.ait: 

(1) a decision lias to b. iii.nle as l.i Ibe .ml. r i,f in.ignilnd.' ol Ibe 
atomic weigbl ; (ii) an . \.iel .slim.ili.m .>1 tbe (,pii\ab nL of 

(■heniieXXmtain.' ‘ "'I’'’'' 

111 Ibe laili.r da\s .>1 alomie-w. igbl d.l. iiiiinalnm Ibe \abies 
oniain,.l w.i.- .>ll.„ uiom.ms. I.., lb lioni ignoiane. of |be pbvsical 
law.s Mini'll ba\e lo b. lak. a mioaeeonni. and liom mail, .inale m. Ibods 
ol eheimeal anahsis. Tins appb.s pailienlaih lo lb.' .I.in.nt abeoii • 
an, 111 tiaeing lb.- bislory of Hu- d. I. imm.ilion of Ibe .il.nnie M.igbt 
ol Ibis ebim iil tbi di'\<lopni,nl ol oni kiioMbdg.' of pbisie.il methods 
‘ -Moiss.in .111(1 SiriiK IH, Cunii.r Kud, ijSj Ijyij 
\\ oilier, Atninhn, 97, ’ 

4 {v,a'' '"n , 1 "" • I'"".. 20, li'l iim ,„i , 

• \\i'l«a. f,,,;,/ Inm.l,,,. |« 7 I, 15.,. ,V.., 

tvi], soXsT’ -I*' 'b l-n.Mn .'.n.l l•.,i«,n.l. /•/„/ l/„y,|,Ji;, 

WlJn.XiuT)”'"'* 'V(/r,n J.i- U, m, nU- l,< , H„nmkm IhuH (Ja..pzi«and 

’ and L(.-onard. ,S<i r,vi liny luihl , 1!h)7 s. 11 217 

Moissan and Siemens, ('umid ictid , I'JUl, i3y, Ijyb , ' Hn , I'JUl, 37, 2080 . 
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that indicate the order of magnitude of its value will first be noticed, 
and then the chemical methods by which this value is determined with 
exaetness. 

I. The (hdn of Mafinilude oj the Atomic ---Various formula-* 

hav'e been .'ipphcd at dilferi'iit times to siliea and ils derivatives. 

'I’hus Ihi/ehus attem])ted to establish an analnf,^y between potash 
alum and lelspar, so tliat siliea was written SiO^ to atjree witli SO 3 , 
till* rormiil.i then <,n\i‘n to siiIpliiiiK* aeid. Dumas ^ in 1 S‘ 2 () deli rmined 
tile vapour dtnsilv of silicon chloiidi* to be (air - 1 ), wliieh, when 
pro])eiiy inttrpreled aceordiiiif to A\o<»adro’s theorv, would a 

moleeiilar wi ufht of 1717. Thence it mij^hi have been eoneliided that 
the chloride could not contain more tlian 1 atoms ol‘ chlorine. \<‘\'er- 
th(*less. this conclusion was overlooked, and tin* formula S 1 CI 3 was 
attiihiited to the chloiidt* to ai^rei* with tin* formula SiOj 1 ‘or the* o,\idc*, 
to which the* atomic wiij^ht .Si U 1< correspoiulul. \o lived i,niuluiejf 
principle had }et bt‘(*n (*sl.iblislud, howivei, and tin* forniula* SiO and 
SiCl 2 . with Si - 11 - 8 , Wire adople'd by (hue lin in ISlid. In 1887 Kulin 
advo(*at<‘d the forimiki SiO.,. which also found favour with niuu raleieists. 

.Vt dilfe re nt times duim«' the* coiirsi* e»f about thii I v v e ais I he* forinuhe 
SiO, SioO,, SiO^, S1O3 w(*re* in vvierm*. xMih the* (*oiii sjioiielin^f atomic 
weights of silicon of appreiMinatcly 11, ‘Jl, ‘28, and 1‘2 . and this uncer- 
tainty (*-\isted not se) mu(*h because adeepiate plivsical prmciiiles for 
atoniie-W( i<,dit determination had not been diseovered as lH“(*ause tlu'se 
prinei})'e*s were* misundi rstexul and pei veiled. 

Graduallv, however, a mass of e*viele‘uct* aecuinulate'd in fav'our of 
the foiniula SiO^ and an atemne weight of ‘JS. 

II. Hose shovv(*d that the* we*it(ht of sihe*a. which elispla(*e^ COj fiean 
alkali carbonate's at hii,di te*mperaluie* e'enre speinds with the* formula 
SiOg, and Maiie^nae'** Ibimd that the* isomorphism eif lliieisihe.ite s with 
fluost annates suppoitevl the same feirniiila, allheaiirh Liu* e‘Videu(*e* of 
Dillon^' and Petit's law was inconclusive* on aeeeiuut of the vaiiation 
of spe'cdic heat with alle)tre)pv 

In 1850 Mariefiiac’^ (*\leiide el Ihe ev ide'iice* in favoiii of the* forniula 
SiOg by she)wmi( the* isomorphism of llue>lilanales and lluei/ir(*e>uate*s 
with llue)slannate*s and lluosiheate s ; and with the* adv e*nt of the* pe riodic 
law’ silicon feiunel a place m the* fourth ^roiij) with caibon, titanium, 
zirceainini, and tin. 'J’hus an ateimic we*ie,dit of ajipieiMinately 28 
bt'came de'timlely established tor silicon. 

The ])hysicai e\idence fe>r the* atomic weierht of silicon may tlius 
be suminarise'd : 

{1) Avnii(idro\*i Thcoyy. — Whe*ii the molecular pre)i)e)i lion ejf any 
volatile silicein comjiound, as mdical<*d liy vajiour-elensily eletermination, 
is an.ilvseel. ‘28 is the smalle*st |)ioportie)n of silicon ever found within it. 

(2) Duloufi and PetU's Lmc. —The ateimic he*at of silicon rc*aehe*s the 
value 5*7 at *28*2"' C. if the atemiic w’eij^ht is ‘28 ; and this is a normal 
value as com[)arcd with analeipfous ele*mcnts.‘* 

(8) The Law of Isomoi })hism . — In the complex fluorides of silicon, 
titanium, zirceHiium. and tin, ‘28 parts of silicon occupy the ])laec of 
atomic proportions of the other elements. 

^ Diiniaw -47J7I. Chm 182C, [ii], 33, iJliS. 

* ‘klaii^nac, (Kutren CompUUs, 1858, 1 , 57l)-589 

* Mangiiae, Ann (lea Mines, 185U. [v], 15 , 221. 

• Sec tins senes, vol 1 , p. 90. 
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(4) The Periodic Law . — ^Tho atomic-wciirlit valiu’ 28 t'liablcs .silicon 
to be placed in the fourth •^roiip be! ween aliiinuiiiuu and pliospliovas, 
following carbon, and folloncd 1)\ tilainiiin /iK-oniiim lin. lead. etc. 
This ])osilion IS parlienlailv snilal)le (nr an < leiiii iil e\Inl)ilniLr (lie 
propi riles possessed bv silicon. 

II. The Kract J^(tlnr <if the Afomu WtiAil 'I'lii lirsl all('mp(s to 
delernniK* (he alonne \\(i‘:Ii( of '^danii b\ clii inieal inelhods iM-re 
made' by lhi/<lins' and i4.ine\ i r,- and wen \(i\ iiiijx i (’( el . 

The woi K n( IN Inii/e ‘ill I S l.-i niai k* <1 aii atl \ .ine< nii ii)i nu i iiK (hods. 
Tins eli( inisl deeoinpo-^f d silusui I ( ( raehloi idi w il li \' alt i , and ( si nnal ed 
till' eliloiine b\ lilialion vilh sil\(r inliali rioin his iisnlls (he 
Vi’lne 2S Ji7 for (la .ilonne ^\tlL'lll nl silicon is (IhIik il)li iisniLT inodt rn 
ant('eedent data.* 

I)innas ''']n lS.'>o .niopled .i snnilar na 1 hod uhieli \ n Id* d (he \alne 
2S OS, \\lnlsl Sehii 1 (wo \(Mis l.ili r < nipko i *1 (la same n.ielion but 
wi'iirheil the sil\er ehloiidi*. Mis nsnll'. h.id lo (la (l■,mll 27 0.>. 

'ria abo\(‘ rise arches, lao\<\ii. ar«‘ laea nanb ol hisloiieal value. 
In 1SS7 d'hoipi and ^ oiiiii;" h\ d:oI\ .. d < in liilK pin ila d silicon ietra- 
bromale and wuLrln-d (In silaa obi. mad lioni il 'fla'V (blind (he ratio 

.Si H r, SiO., 100:17 017 

whence' Si - - 2S ,07 ."i. 

Kinallv', in 100.7, \V. Ihekei and .Inlins Mivii Inaled ve'iw ]nirc 
silicon ((‘I r.iehloi alt' in .in analo'Mais in.mia r lo Ila d)o\< ;iial oblaiia'd 
£]f( lahnons sihc.i (htnrioin. which w.is I'^niletl iial wiiLjhi'd as SiO^. 
Thev' (blind Ila' i.'ilio 

SiCI, Sit), 1(‘0 .r, IIP) 

W'hciict' Si 2.'> 22.7 

So (ar .IS pi'tseiil kno'vltd'it <4o( s (la i<* is nolhniLi lo choose' be'l,\V('cn 
these' two modern valiit'. lit nee Ila .ilomie' wiii.'^lil eif silice)n is 
accejded b\' Ila* Inle'rn.'ilion.il Mtimie' WeidiK Commilhe lo be their 
mean, nana-K • 

Si 28-3. 

11 innst be lemeinbered, hovvevti, Ih.il Ila ae e nmiil.ile d evidence' for 
this (iLfiirc IS sniiinlai Iv' sh'dil , aial lli.d il e.innol la niraieliel as ce'rtain 
c\e n to lilt' lirsl eh eim.d |>I.k i 

^ Ot’izclnu. (tiUiiiCs Imnihii, |s(e), 36 , S') Islj, .jn, Jn.) Si hi I Ill'll ) s ,/ .1818, 

23, 2S > , I’mi'j \‘iiniiii, isja, 8, Ja 

* MiDiiifvt'i llxil ■ \iiiiii!’ii, ISII. 37 > 

‘ I’e Itiii/i , ^ n ml , ISIV ?0, HUT 

< Tm (.ill iikilmi' Hum* .tnil '•u. . .(il.i ilw (..lln.t \ .ilin-s Idi (Iw 1 .m<l:nia'Mt.il 

.■iluiiiK Mtiiilils li.of Ix'i II iii'I el Oi T'.l'tli'i, Ag- 

io: S.SO 

^ Diirn.is, Ann ('linn rii'h I8."i0, |iii| 55, !-'• 

" S« hifl, Ainmhii, lse»l, 120 , 'M 

’ Tlit>ij)i* .nitl 7 iMiii'', //'///' ( him Sm , l'''S7, 71, "»7fi 

* Bi'ckcr mat Mi\ci, Ant'iih inmn/ i'/nm , l'iir> 43 , i!.7l 
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COMPOUNDS OF SIUCON 

HYDRIDES OE SILICON 

In no r( sjK ot (I(ks silicon differ more widely from carbon than in the 
luiniln r and projxilies of its hydrides. 

To methane and ethane tluTc corres})onel silico-methane or silieane, 
S1II4, and silico-e thane*. Simile J besides tlu'se there prolxibls exi'^t 
silico-e lh\ leiK*, the hydrosilicon (Si^II^jn and so-calle el silico- 

acctylene*, (Si-Jl^ln, \\lvleh, lunveve*r. doe*s not resemble acetyliaie. 

Silieane and silico-e Lhane* bear little rese-mblanee in projiei tie's to 
methane anel e thane, anel no cleise ivlatieinships appear to e'xist between 
their o\y-eIeri\ali\e‘s. A iininbeT of substitution prexluets e>f these 
hydrides eonlainin<( ahphalie* or areun.itic radicles have*, hemever, been 
prepaieel ; anel these tlirow li»(ht npein the* poti'iitiahties of tlie sihe*on 
atemi. 'file most iinpeatanl tact established in these* reseaiehes is that 
the space-dispeisition eif the* valencies of silicon resembles that of eaibein, 
so that optie*ally ae'tive* “ asv'inme'tnc ” silieon compoimels e*\ist.“ 

Silicon Tetrahydride {SdicniiK //iti}n\ Sdiauic)^ Sill ,.---Sihee>n te tra- 
hyetiiele was lirsl eiblaine'el, m an impure slate', by Ihifl and Wohler,^ 
in 1S.)7, ehirin;,^ the e'lee*liolysis eif a seilution of ceanmein salt by means 
of aluminium e'lectreiele's eontaminj^ silie'ein, anel also by the* aetiein of 
dilute hyelrochlemc acid em ma^^nesium siheide, jire jiareel by fiism^^ 
toe^e'tluT anhydiems maj^nesium ehloiiele, sexhum silicilluoiiele, common 
salt, anel sexhum. The nia<,me'sium siheiele* was more simply pre ptuvel 
by Gatteiniann,'* bv he'atm^ maernesmm with sand. Tlie* j,^as obtaine-d 
in this way, by the react lein 

M-,Si + -411(1 - 2MgC1, -f SilU, 

is impure, be'in^^ mixe*d with hydroe^en and another jirodiiet, piediably 
anothe r hydride' e>f siheeai, whie*h le'iieleis it spe)nlane‘e)iisly inll.immable*. 
Accordin^r tei Adwe'nte>wski and Diei/deiwski,^ however, ])ure silieane* is 
spontaneouslv mllammable. The same* sponlaneonslv* inllammable j^as 
is sonie*times eibserveel when a porexlain crue*il)le* m which ma^mcsiuni 
ribbon has Ix'eii burnt is cleanse'd with aeiel, smeej the stain on the 
crucible* IS mae^nesium silieiele*. 

Aceeirdin^,^ to Meiissaii and Smiles ® the pas ev'olv ed by the action of 
hydiex-liloiic acid on the preiduct formed by heatinp mapnesium anel 
silicon te)pethe*r in the* preipeirtion Mp : 2Si is hvelropen mixe*d with about 
5 per ce nt. eif silicon hvelrieles. These may be separateel fiom hydropen 
by coeilmp them m liepiid air, so that they soliehfy. If the soliel hyeliieles 
are then alleiwe el tohepiefy anel volatilise fractionally, silieane is ejlitained 
as a pas and silico-cthane remains behind as a licpiid. 

Silieane can also be obtained mixed wath silico-cthane^ when silicon 

^ Le'bcau, Cotnpi. rend, lUU!), 148, 43; seo alao Ui'saon, lend, 154, 

1803. 

* Kippnip, Trann (Jhrtn , 1907, 91 , 309 

® Unit and Wohler, Aunaltn, lh37, 103, 218, 1858, 106, 50 

* Gatteiinaiin, ficr , 1,889, 22 , 180. 

* AdwentowsKi and*’/3iozdo\v!>ki, Bull. Arad. Sn Ciacow, 1911, A, 330 

* Moi^sHan and Smiles, Compt reml., 1903, 134, 509. 
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tetrafliioride is passed o\cr healed inaffiiesnmi, and llie solid product is 
decomposed by acid.^ 

Pure silie.uie can be prepan d liy Uie nulla»il of Kiiedel and Liidini- 
biir'?,*'^ ])}’ lucdiiiK (llixl talliosilieoroiniali- uilli sodium. Ilion^di I be 
rnnclion of llie sodinni is nnkiiown. 

Ktliyl oiliiosilic<»r<Mmal(‘ is pujiand by the mluaelion of silico- 
clilorofoini and sodium (‘Uioxide Mins 

IbSiCI, ; ;3Xa()(‘,IL, ll>i(()( ,II J, I 

and Ids sihe.iiK lo^fi Ma i uiMi < Md\ oillioMluMh , b\ a n .lehon w liieli 
recalls Mie b« liaMoui of pli')sj)||<)i(nis and li\ j)oj)lins|)lioions acids and 
th( ir sails wla n la ahd. llins 

ISilKOCdl-'i. Sill, I ;iSi((H'dI 

Pn>j)nti(''s nf StltdiHi' Silieane, Sill,, is a eoloiiilcss iras winch 
^^hen |)nie is iiol sponl.iia oiislv inllaimnabh'. but ealelas lire' m conlact 
with a luated kinl\-blad(‘ or hoi nanMiiN I( is eondensid lo a lapiid 
iindi r the Ibllowini: condilanis 

Tiinpiialnn (’ -1 7' 11 

Pn ssiin (aliiiospla i( s) 100 70 aO 

ils crilical leinpeiahire bi ini» aboiil 0 ('.and ils boiliiii;-poinl ’ - 1I5"(’. 

10 — 110 C. nndii 700 iimi pM''‘Ui( \eeoidin‘f lo mon i(‘C( nt 
wojk.'* howexir, ils ciilical bm|Mi.ilnie is - 0 a ( and eiilical pres- 
sure 1-7 8 .ilmospla i( s . il solidila ^ al. --00 C. 

Silicaiu IS til eoiuposi (1 inlo ils ( Il na Ills .d)o\ ( 100 I'., Mrldinir t vvice 
ils M)lumd of hulioiri n, and win n i( is jiassi d lliioia'h a n d hoi lube a 
luiiioi of limlx di\id((l amorphous silicon is di|>n->il(d. Its Ihermo- 
chemistry is as lollows : 

Sill I - Si !- ‘Jll^ -- 8700 ealoia s 

Sill, Si(\a|)oui) i tillj 1 1 000 ealoNi'S 

11 is also (leconiposid bv (lecliic sjiarks, bill in Mils (Mse only a jiaiL 
of lla liNdio^an is si I liie. and lla \illow solal li\diid< (SiJl/),^ is 
lorna d wliieii bums wlan laalid m an oi in eliloiiia ^ 

Silicaiie l.ikis liK 111 chloina ijas. piodueiii'^ lla b I laeliloi ide SiCl^, 
and hxdroirui eliloiidi . chloiaks which i.isil) pail wilh ehloime, such 
as calbon^ 1 ehlondi , ( OC L.anlimonv pi nl.iehioi ali . ShCI-^, and liii lelia- 
chloiide, SuCI,. ii.iel smulaily wilh silie.mi . Silieanc biiiiis in o\\^^cii 
OI air, produenii^ silica .mil walei ; if (old poiiil.uii is dipiissid upon 
the ilame, amorphous silicon isdrposilid upon il Ai iiK do not decom- 
pose silicane, bul Ihis *^.is uaels \iuomuslv wilh eaiislie potash solutioiL 
producing poUissiuni melasihcale and hulrogi n, thus 

Sill, 1- II., O 1- ‘JKOII - K,SiO, -I- Ulg. 

By this means silicaiie may In islmiated. 

^ Wiirnn, ('him Ak/'.-*, IsSS, 58, -lU 
^ I'm il(>l and I..idi>nliui.i hwiihn, IsuT, nj, 1JI> 

® Ill'll I, (.'omfit nm( , IsTlI, bS, -.‘’iii 

* llulonr, Cumjit nnd , ijS, laid 

Ailuontovv ski find Dto/dnusKi li'iU .had Sn ( I, A, IklO 

* Von Waitenbeig, ammi ('lam IlUJ, 79, 71 

* Ogior, Compt. rend., 187S>, 89, 1008 
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This reaction, as well as the ease with which silicanc is dccomposied 
by heat, shows the coiitr.ist in properties between this substance and 
methane, from whieh it is further (listin^iiished bv reaetiii<jj with ceitain 
metallic salt solnlions 'rhiK with co[)j)i‘r sulphate solution silicanc 
produces chietly copper siheide, thus ; 

‘JCuS()| f S1II4 = CujjSi -f 

toj^etlu 1 with some nu Lalhe eofijuT ; but with the mon* ndiieible silver 
tilt rah' tin juodiiet consists chu llv of nietalhe silver nii\c‘d with silicon : 

|..V^rN()3 + SiIT. .. Si -I- lAg -I tllXO, 

In these reactions siheane is comparable wilh the hvdiules of sulphur 
and arsenic. 

Silico»ethane, Siollg. — Sihciw thane w'as (liscovcred by Moissau and 
Smiles ^ among tli(‘ products of the action of hvdroelilorie acid on mag- 
nesium silicide, formed by h(‘at mg magnesium and silicon togi therm the 
jiroportion ‘iMg : Si. The gas obt aim'd consists of a mi\l uk' ofliv diogen, 
sihcane, and siheo-etham*. The two latti'r gases w'eri' se[)arati'd from 
the hydrogen by solidilieation in lulx's surrounded by li(pnd air; the 
silica, ne w’as removed from the tubes by fractional vaporisation, h'aving 
the silico-ethane bi'hmd. 

Sihco-cthanc may also be prepared from lithium sihcide,^ W'hieh 
has tlic corresponding com|)osition, SiXig, by di‘com})osmg it with* 
conceiitiated hydrochloric acid. 

Sihco-ethanc is a mobile, colourless lupiid, heavier than, and s|)aringly 
soluble in, w'ati'r. It boils at 52'" or, aeeouhng toLi'ln an, ‘ at --- T" C\, 
and afttT solidification by means of h(jmd air, imlls at — l-TS"* C. 
Its va])our may lx* heated to KM^ C. without d('Com[)Osition. at whieli 
temperature tiic density is found to lx* 2 137 (air--l), whilst silieo- 
cthane re(]uires 2 H. it is dc'composed into its elements at 210 ’C., 
and (h'ctnc s])arlvs decompose it, separating amorphous silicon. 

Silico-ethane taki's (ire spontam'ously and even e\[)losiv I'ly in the 
air, burning to silica and w’ah'r ; drving Avith sulphuric acid incre ases 
the vigour of the re'aelion ; it jirccipitates the metals from aqiK'ous 
solutions of mercuric chloride, auric chloride, and silver nitrate ; jiotas- 
smm diehroni.ite and pvrmaniranatc solutions, as w'cll as biomine water, 
oxidise it to silicic acid. Carbon tetrachloridi' and sulphur lu'xaniionde 
react cxploavely with silico-c'thane, with formation of thi‘ halogen 
hydracids and sc'par.ilion of the solid eleini'iits. Silieo-elhaiu' reacts 
with caustic ]x>tash solution similarly to sihcane ; m this way one 
molecule produces seven molecules of hydrogi'n : 

SiJI, + 2IT2O -h 4K01T - 2K2Si03 + 7JI2. 

and the volume of hydrogen ev'ohxd serves to ('stimate the substance. 

It aiipcar'. from these reactions that silico-ethaiK' rc sembh's .sihcane 
in chemical projierties, and difhrs entirely from ethane. 'J’lu'rc is no 
reason to sujiiiose it differs from this hydrocarbon in constitution, 
but there an' two reasons why it has different projierties. For not only 
does it easily lose hydrogen, a property it share's with silicanc, but 

* MoisRan an<3 iSinilcs, (hmpt rend , 1902, 134 , .'>00, 1.j49 

* Moissan, Compt. rend , 1902, 134 , 1083 ; 190.3, 135 , 1284 

■ Lobeau, Compt. rend , 1909, 148 , 4.3 , Bnll Soc. vJnm., 1909, [iv], 5 , 89 
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the two silicon atoms pcrmil of ox^^cn intorvcninff between them in 
the process of oxidalion. 

Silico^acetylene, (SioII.,),,. was prepared by Ihadh y ’ bv fh'eomposin^r 
calcium sdieide uilh hydroehlone aetd 

CaSi, i IMICI - -} Si,lh 

It IS a yellow er\ slalliiH '.nlisLmei , showing no ies( Mil)l,iriee lo aeelyli n(‘, 
and IS imdonblidiv polvnaaised 

the lollowm^ lal)Ie shows Ihe boilinif- and im II i/iLT-pomls of Ihe 
thi\‘e Jndiidis oi sili(‘on, loijillier ui(h I hose ol’ Ihe i‘oi tt spondinir 
hvdroeai bons. 'Dk* dilfereias* in boilmir-poinl belweeii (lli.iiu* and 
silieo-elhane is parlieulaily noltwoilhs. 



('ll, ! Sill, C.ll, 

1 1 
M,II„ 1 P.II, 

(Si, II,);/ 

B P ’ V 
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• ' )J sllMltllill lotl 1 
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{*' 7 ) n'lPMi ? ilni(‘ 1 
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iM P C 

Isl 'fo Jtni 1J5 

1 

■ i'ls S.) 1 

, 1 

iinlaiow 11 


SILICOX AXl) TIIK IIAL()(;i:\S 

Various silicon eoinpounds ( \is| m which I In h\dio(n*n aloms of 
silica ne appear siieci ssi\ { l\ r<plae«(l b\ haloifi n alonis. as in tlu' sines: 

SiIljX. SilI.X,, SiIIX., SiX, 

• 

Of these eoinpounds all lh(‘ fom btiMhalidis an known, as well as 
all I he eom[>onnds ol“ llu* 1\ pe SiIlX , , only isolah d < \aniph s ol‘ SiII^X , 
and NiII jX, howi \( i\ < \is(. 

'rile tetrah.ilides, SiX,, ar(‘ tlu halid< s of oilhosilieie aeid, Si(OlI),, 
which all of Ihein piodiiee, loLjillnr uilh haloi;( n liNdiacad, win n tiuy 
an’ liNdiohsi’d l)V walir. Silicon li I lallnondi . howcNir, diln rs from 
the other h.ilides in not snfhimij eomjih le ludiobsis, but iri\ini; use, 
insti’ad, to the eoinph x .leid IKSil’V, ^ nol<woilh\ eh.naeh i isl le of 
silicon IS its powir lo foim iiiixmI lialidi s eoni . iiiiiiil( two kinds of 
halot^eii aloms, s( 1( el ( d from ebloniK , biomine, and loiliin A comph le 
senes of llx’se eomponnds exisis. 

Of lialides eonlaniini^^ moie Ilian on< silicon alom IIkic an' known 
the eliloiide, bromidi , aiul iodide of Ihe |\pi' Si .X, , abo the elilonde.s 
and bromidts Si and Si ,X and the eliloiid' s Si I and Si,, Cl , y 

Tims it apfxars that silicon possisscs a irnsili r prjwcr of forming 
halides tlian hydrides eonlainnii; mon' Ilian one silicon alom. 

Th(’ talile on paye ISS eonlams a lisl of all llusr" eom|)oimds, w'llh 
their boilinj;- and nn ltiiii^-pomls 

The eoinpounds will be considered m the onhr in winch they 
are place’d in the tahle. 

Bromosilicane, Sill ,Hr, boilimr al *10' 10' (' . and Dibromosilicane, 

Siir 2 nr 2 , b<)ihiif( al TT) ' C, are Inpiids- prodiieid loyilher with siheo- 
bromoform when hyelro^eii biomide acts on silu’on 'I'hey an* the 
sole representatives of tliear class, and Iillle is known abonL them. 

^ Bradk'}, Chamtal Nrn'*, ItlOO, 82, 1 Jt) ** 

■ Besson and Fournier, ('tmpi rend . FUO, 151, lOriS. 
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Silicofluoroform SilIK.,.- -Tlu ollur llun' coin- 

pounds ol’ tJi(* Ivpc SiIIXj ai(“ ioiiiK'd hy tlu* .iclioii of tlu* iialoircii 
hydracul on .silicon; silicollnoiofoini, Ju>\\c\cr, has not l>c*(*n jacparcd 
in tins ^^ay, l)ut js d(n\td iVoin silicocliloioConn I)n Hk* n jil.ict nicnl 
of its clilonnc bv lluoiiiu*. Tins inav be doiu* bv iKalmir tla* l.itlcr 
substance to ‘220 ’ C. with (in tclraJluoi uh* or to 100 120 ‘ C. if Lilainiiin 
tetrailuoruh* is ciuploytd: 

ISiIK’l, -1- «Til^ - iSilIF, + ;3Tit’li. 

The operation is earned out ni a sealed eojiper ilask oi «fun-bariel ; 
and Mlieolhioroform is foinud as a eolomless ^ras which on slron<r 
coolinj^ eoiuh iis( s to a h(|uid lioihn^ <it — HO I’loni winch aei\slalhiie 
solid ineltin<( at — 110 C. can In* oblained. Tlu* \apoiir elensily 
of siheo-lluorororni (an — 1) has been loiind to bt* .‘3-02, the tluorelieal 
\alue beinf^ 2 00.^ 

Gaseous siheolluoiofonn is not very stable, but decomposes, .slowly 
at atniospluiie teinperature, (piickly on luatin^f to 1-20^ C. in accorelancc 
with the ivaetion : tSiIlF, — ;3SiEj -f -l^z H- 

It burns with a bluish ilaiiie, produeiiij^ anuirphous silicic acid, and 
forms an explosive iinxlure* walh air. Wati r aiul dilute alkalis decom- 
pose the ^^as thus ; 

2 SillF, -f 111,0 = Si( 011)4 -f lI.,SiFp. + SHg ; 

‘ Hull aiiel Albcil, lit i , 100 ."), 38, .5.3 
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absolute alcohol produces, sinularlv. elJiylorthosilicnte : 

2S1IIP3 -{- irjr-/)ii -si{0( ,ii,)^ i-ir,sii', I 211, 

{cf. n'aetiou wilh silicoelilorolnrin), ^^hlle elh< r \ u Ids (he estfr of (he 
corn‘s[)on(liM^ acid, oi lliosdieoldi mie acid • 

SiNF, -SillfOC’d!,,), i .*U ,n,,F. 

Silicochloroform {Ti irlihnn'^thmiK’), SiIICl, Sdieoehloroforin, so 
named lue.msi* of ils .m.doir\ wilh chlorornim, was ohlanu'd mipuve 
by Huff and Wohh i ^ in 1 <S >7 l>y iKalini; sdiemi in a eniient of dry 
hydroireii <'hl()iide uas, and was e\amm(d laic i 1 )\ Fnedel and Laden- 
bnri;.^ (^‘d(( iinann showc'd Dial it eonid lx* oliliiim d in (In same Avav 
from (he erndc silieon lornu d hv iKainnr siIkm wilh mai^nesinin ; it 
ninst. h(twe\ ei, he Th c d fiom I Ik* I< I ia<*hl(»i idi‘ foi iin dal Ihe same I ime 
hv fiaeiional dis(ill«dinn. and (hen h(‘ ecmdinscd in a fu e/iiiir inivinre. 
FcitosiIk'oii and <M>p|)« i silieidi ma\ hecmpliwcd m place of silicon ilself. 

Sihcoehloioloi m is a eolonihss. inohile, slroniiK sun Ihiii; hcpiid 
whieli hods at .‘h‘i (\ nnd« i ToS mm piessnn' ^ and lorms a erNslallmc 
solid which nulls al Ktl. (' 'I’he diiiMlv of Iht li(]nid af la’ C. is 
and ils \aponr dciisilv I (il. which corn spoiids w il h Iheorv. It 
may lie ohserxed lhal chloroloim. (11(1., hods al (II C It will 
he noticed m the eomsc of whal follows Ih.d, ap.iil iiom |)oh nn iisation, 
.silicon eomponnds arc i<dl\ nioic xol.ililc than Ihi corrt spondm^r 
carhon eomponnds 

AVheii sdi(‘ochloiolorm is Ix'ah'd m an mdiffiKid. atmosplure it 
dc'eomposc^ simdarh to sihcolhioioioi m, Ihns’ 

kSilICl, - :iSiCl, ! 211^ -i - Si ; 

its vapour burns m the air wilh a i,ni ( ii-maidh d llamc, like' that of 
chloroform, jiiodncmir clouds ol sdica. and foims x\dh air a mi\lnrc 
w Inch can he explode d hv me ails of a hoi lil.i -.s lod \ 'alike' chlorolorm 
and eaihon te I laehloiide'. hnt like silice)!! te liae'hloi ide. silie'oe'hloieiform 
fmiK's in moist air. and is eh (‘e)m;»e>se d hv wale i , wilh e \ e)liil ion of he'.it, 
fonmner sdieie and hxdroehlone* aeiels. Il, howe \i i, I la le action lakes 
])laee' at 0 (k the* hx dro^e n is le laine'd, and mIicoIoi niic anhx dndc is jiro- 
(Ineed as a while, nisolnhle' powde i 

IhSiO 

‘JSiIICl, I ;JII,0 () ! (JIK’I. 

IISiO 

Alcohol leads normallx. |n’oelnemj^ elhxl oi I hosihceiformaLe* : 

SiJK'lj f.-U'dl^OlI SiIlilK’.IL,), I tillCl, 

and nol ctliyl orlhosilicah . as with .silu’olhieaoloi m. 

• Silicobromoform {TnhKnnosflinuic). Silllh,, is loime’d similarly 
to siheeiehlorofoim l>y the .letion e)l hxelio^eii hioimeh' on einde silicon 
prejiared fiom silica and ma^xiie sinm," and is lie'cd from the le trahroimdc 
by fraclional disUllation. .Siheohromolbrm is a eeileairle'ss li(pnd xvlnch 

^ Huff and \Ni»lilci, Itumhfi, |s‘i 7 , 104, 'll 

* Kne-eled and Laelrriljieiir. ('omjtt kihI , ls()7, 64, 3511. 

3 Caltcrtn.inn, Hu , ISs'i, 22, I'M) 

* liiid and MIm'iI, Jitr , 11 ) 07 , 38, . 7 } 

® Jluft and Wnldfi. iintnltn, ls,77, 104, OD. 
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boils at 115°-tl7° C. (GattiTniann or C. (Besson (CIIBrg 

boils at C.) ; il does not solidify at -- ()()° C. 

Its xapoiir i_ifnii<*s spontaneously in the air; and the lupiid reacts 
with ualii, forimiiLr, when k'pt eool, silieolbnnic anh\ di idc. Sihco- 
hionioi'nrin appuirs (o form additive coinponnds with aininonia and 
phosphiiK'. 

Aeeordini; to von Alahn ^ iwnUtbromnsilicncthme, SiallHr-. is Ibnned 
liy lh( inhraelinn of silieaiu^ and hroniiiK'. and forms coloniless medics 
whieli imlt at S!1 V , llu* hoilmir-point of thi‘ Inpiid bein^' ‘J.SO' C. 

SilicO'<iodoform {Tri-iadosilicanf), SilII j. wSilieo-iodoforni was pre- 
paied 1)\ Ihifl and Wohler^ by tiu* action of hydroiren iodide ujas on 
lieated silicon, and the imlhod was improved njion by Friefli‘l.*‘ who 
mi\((l ii\flro‘r<‘n with the h\di(>if»‘n lodidi'. has found that 

w'hen silieoehloiofoim reacts with ammonia at - l/5‘^ C. silieomi io<jen 
h\(!ri(I«‘. Sill\, IS formed: and when this is snsjx ndeil in eaihon 
disulphide and tnalc'd willi h\droiX( n lodidi' at low lempeialnre, silico- 
lodoform is produced accoidiiiL; to tli(' naelion : 

SiHN -l 111! Silllg -! Nirj. 

The ammonmm iodide* is tiile‘re‘el oif anel the* silu'o-iodofoi m fre'e*d 
from the solve nt, c.iibon disnlplmle*, and fieim sihee)n le I ra-iodidc 
by distillation. An e Ncn l)(*Lle*r re'snit is eililairu'd by eniploN ini' aniline 
instead of ammonia. Silicon h\ dreiLriamliele is foimed, which reacts 
with ludro^'en lexlide* thus ; 

Siii(Mic«ii5), I oiii - -Siiiig -1 ;u;ii,\]i2ni! 

Silieo-ie)ele»iorm is a ee)lonrle*ss Jiepnei having' a ele nsil) eif .‘{-‘iSO at 
2.*^ C.^ eji* ;i Jil t at 20' (\ and ,‘3 .*1(12 at O ' (’ ,■* which soliehlies at 
d- S’ C. and distils iinete'r icdnce'd pr(*ssnic as folleiws : 


Pu's'juic Him 

Ti mpeMatuK' 

I i< 

100 

22 

111 

07 

102 

1 22 

. . 1.1.1 


At, abeinl laO' C. il be-i'ins to dcce)nipe>se*, but on fnithcr luatin^ some 
e)f it can be distilled, and cenide nse-d at about 220 (\ niide*r atnie)s|)hcric 
pressure. Silieo-ioelolbrm \a|)onr Imrns in the air, anel the* liepnel is 
decoiiiposed by water like the chlorine* compound, yielehn^' siliceiforimc 
anhydride* anel h\drieMhc aeael. 

Silicon Tetrafluoride, SiF,. -Silicon tetrathioride* was disceivered 
by Schcclc in 1771, oblaiiie*d inele*pcndciitly by l*riestle*y, and examined 
by Gay Lnssac and Theiiard (1S08), and by J. Davy’ (1S12), but morG 

* ( teal U'lin anil. Her, 188(1,22, IU3 

- I>«*ssi)n, Compt rfnd , 18U1, ii2, !}'.\0 

* Vnii Mahn, J<n(tir Zettsth.^ 18 (*t‘l, 5, 

* Bull and Wuhlcr, Anmh»^ 104, U!) 

“ Jnieek'I, Compt nnd ^ 1808, 67, 98. 

« Kutl, Ji<r , 19(18, 41, .37.'}8 
Davy, 7V<i/ Tfans , 1812, 3.12 
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cspccialJy by Dor/rlms ^ (lS‘2.‘b- It is iisiialb pivjmn'd by tin* inicr- 
nction of hydrolliionc* acid and siIkm • 

Si()> i- llIF mK, 1 211,0 

winch IS cairicd out l)y iKalini^ tomllnr saiul. Iliioi sp.ii, and cvccss of 
couccJiliMltd sulphuric acid in a ll.isk 

2 CaF.» [- 2II,S(), -1 SiO, SiF, ; 2(.iS(), | 2IL,(), 

the excess of acid b< ini^ incdid lo prcMiit lh< di comjiosilion of the 
silicon Ictralluoiidc b\ wain* 

Silicon l< tralliioiid< , which is (xohed as a ira^ is Ihui ll•c(plcnlIy 
passed into wati i, with which il iindi r'M)cs a cli.ii.ich i ishc rcaclion, 
to which !“( !'( naicc will be ^hoilK ni,id( . 

Silicon t( I lalliioi ide w.is pnp.ucd s\ nllichc.ilK 1>\ Mois'-.in and, 
aceoidin^ to Vii;oiiioiix •* anioiphoiis s|lic(ni KacU wilh Ihiorini with 
incaiuh sccnci , rornuiii; IIk* 1< Iraihioi ide 'I'h*' pun if is rnav be con\c- 
nicnlh ))icpai((l 1)V hcalintf <li\ baiinni sihcilliioi id( IkiSil*’,,. ;}() 10 
Ufianis oi' which yuld 2-0 htns o( lh«‘ i^as, which ni,i\ lx colKchd o\a‘r 
nK'rciiiy. Silicon ti ti,ilInoiidc nia\ be scpaiahd 1‘ioni h\droi,n’n 
lliioridc, occnrrin*,^ willi it .is it is coiniiionh pupand, b\ coohnfj 
th(‘ niixiurc to — OO' (\ which C(nid<ns(s (In lallii <:as or bv passing? 
the ini\(d j^ascs through sodnini lluoiidc. which nlains Indio^cn 
llnondi 

Piopdlu's i){ SiUam Tctniflnondv. Silicon h lialliioridi is a eoloiir- 
l(ss, jainncni. fnnniiif ifas, which can be lupiclicd and sohddii'd. Thi* 
^nis solidibcs at -- (’. uikIm- alinosplnnc pnsain, ,uid Ihc solid 

sublimes a<,'.ain without iiK'Itiiij;, but nn Its iiikIi r 2 at luosphc re s pressure 
at — 77 '' (' , Ibrniinjfa trans]uiicnt .iiid \ (i\ iimhili iKpiid. which boils 
at — 05 ° C. 1111(1(1 ISIO mm prcssuic Tie ciilical h ni|x rat iin* of 
silicon tctialluoiid( is — (' and tin ciilical pnssiiic 50 atnios- 

phcri's.® The (hiisitx of tlic ;ras was loimd l)\ ,J Daw lo be 0-5705 
and bv Dumas ;»(). tlu‘or\ iKjuiiinjj O(ili) .hapnnxl and Toiiriiaian** 
found the w’ciuht of a noimal litre to be 1. Iin;i ^i.hms . but when the 
jjas AAas ])asse(l o\ ( i iflass wool at a nd Inal tin wiiuht was increased 
to t-S 20 {Trams, which iiicnase Du aulhois alhibiili lo the formation 
of a sublluoride. Tin Iieat of loimation of silicon h I lallinn ide from 
crystallised silicon and {raseous lluoime is. .leeoKhniT lo (iuiit/ '* 200,800 
calorics 'Phe i^as is not dicomjiosMl liv ehetiie spaiks or (he silent 
ckctiie disehariT(‘, but silicon is separatid m the el'ctiie arc: sodium 
and ])otassium burn in tlu sras, IbimmiT (limrnhs. .md eert.im metallic 
oxides, r.i,'. hiue, likewise ic;ict with sihecm 1( I lalliioi nh , fornim^r silica 
and the lluoride (»f the nu tal 

The most eliaraelerislie reaction of silicon b I lalliioi ide is that W'ith 

' nri/« liU'., AumthK, isJl i, li>'l 
Mi)is.saii, \iin Chun , IssT (m! 12 , t72. 

'* Vii'nuinus, ('oinpf uwl , lSM"j. 120, JnT 

* Tiiulml, Cum id rfml , issl, ()8, .sJl 

" .\loi'»s.m, u ml , 1‘ Ol, 139, <11 

® Chil ‘han't, IslJ .‘{'ij 

' Inn ('him /’////', l.slfn, pij, jj, ,'11)7 

^ Jar|ii(‘ioci and lourpai.in. J. Chun . MkVh II, 3 

* Guntz Jaw ('him rhifs , 1884, Ivi], 3 , .'ill 
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water, ^ by which fjeljitinoiis silica and hydrofliiosilicic acid (llaSiF^) 

are formed. TIic first reaction is one of hydrolysis : 

SiF, -} ;iir,o - ir.sio, } tirK, 

but this liydrohsis is not pcih-cl, for silicon tctralliiondi' combiiics 
with hvdroiTCM lliioiidc to form hydroniiosilicie acid, IIoSiF,., which 
can ('xisl in ;u|ii{‘oiis solid ion : 

2SiF, + triF -- 2lT,SiF„ • 
coiiseqiicnlly the complete* reaclmn is 

.3SiF, f- .31I.>() IIoSiO^ ! liII,SiFo. 

lienee it will Ix' iiiuh islood that \\1 um silicon l(‘lia(liioridc is passed 
lido a eonceidialed solidion of hydrotjrn tluoridi', liydiolliiosilieic acid 
is formed AMthoid si'paialion of siIkmc acid. 

IhdroIWic d< eompoMi ion of silicon Ictradiiondi* can lake place 
^Mlh sleam at luLfh h nipe laline, and imtler ilusi* condition', anhy- 
drous er\sialline silica may lx* <^radiiall\ deposited. Prohahlv this 
kind of reaction, \\liieli is calleel pn(‘mnalol\ sis, has played some 
part in the formahon of silica nime ials. 

Dry ammonia eomhiix s udli silicon te tratliioride*, formiiii^ the 
crystalline' compound SiF,.2NII_.,- which is decomposed hy wati'r; 
phospliinc forms the compexmel ;>SiF,2lMl,‘ at --22’ (' imdir ."lO al- 
mosplie ie s ]>re‘ssure, hut this com]X)un(i is unstable', dissoe'iat mij into its 
coiisldiK'iits at ordmaiw te mpe'r.diire . Silicon te tralliionde' re'acls with 
alcohol,'* feirniin^ clli\l orlhosilicale' and li\ dreitliiosilicic acid; it also 
combine's with acetone' •'* aiiel amIIi eni^amc bases.'' 

Hydrofluosilicic Acid, IKSiF^j.- 'file' ie*m.ii table' e'lTi'cl of passm^r 
silie'e)n te'tiatliiea lele iras nde) water w'as observe el anel e-eimmented upon 
by Pncstle'y.'^ In I he* reaction 

:kSiF,i -1- -JlliO H -I k>II,SiF„. 

which has alreaeh Ix'eii neitie'e-el. the' silie'ie* aciel se paiates in llie* Ibini of 
“ fjclalineiiis siliesi," haMiie^ approMiiialely the coni|)osdiun (lljSi()j)„, 
A\hilst the' In elrotlneesdicic aciel leinains in seilution. In ceinse'epie'iii'e 
of this reacliein the' delivery tube- throiie^h which silicein te tiallimriele' 
is passiiif^ IS ne)t alleiwed to dip eline'lK iidei w.de r, but e nels be ne ath 
the' surface eif meicnry IhroiiLih which the' e^as passe-, into w'ater. Hy 
this means the* blockini; of the' dehve*rv tube' by the' fjehit mous sihe'a 
is aveaele'el. Whe n the re ae'lion has jiroe-i e ele el loner enoiieih, the* jri l.i- 
tinous silica is lilteie'el eiff anel a dilute seilidioii e)f h\ ehothmsdie'ic aciel 
is obtained. A solutieai of ihc aciel ina\ also be* piexluced b\ elecom- 
posiner its calcium salt with siiljihiiric ae'iel, anel by iiassiner mIk'ou 
telialhieirielc ^ras inle) conce'nlrale'd luelrejlhioric aciel. A ehliitc sedutiuii 
may be; coiice-ntraled by <'\aporatiem at low temperature. 

* Be'i/c'lms, Potj’} AnvnUn, I, 169. 

“ J)a^ y, I'hil Trnv^ , ISU. .T.J 

® Jie'sson, Curiipt inul , l.S9(), no, SO 

* Knop, ./ (iniU ( him , ISAS, 74, 41 , 1S67, lOi, l.~>7 

^ Norton Jinel \\ (‘ste iiliot, Amir ('him J , ISSS, 10 , 209 

* Coinoy aixl A nut. ('hvm J.j 188S, 10 , 165, Comey anel Smith, Amer, 

Cheni J., IHSS, 10 , 2n’i 

’ Vide TIioipe>’s JCssay on rnestlov , Essays inJJ'iilorical Chemistry (Macmillan anel Co ), 
1894, p 48 
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Solutions of liydroduosilirif ;u*i(l f)!’ dilfcrml sln iitrlhs have the 
foJIowiiitT (iensitirs ni 17*.r C ' (uai( i* al 17-:) ' 10): 
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V conc'cnfrah'd solnlion of li\ diolluosiluMc acid r, a fiuniULi at'id 
Ji({md, llic niolicular (•(nuliicli\ i( a s (if llu acid a[ dilK rciil dilulioiis 
and " 17 )" C lKHU^ acciudiULf In ()^l^\.dd ^ 



The iii(*icas(‘ in condii(diMl\ al)o\c v is diK In IIk* li\dioIysis 

of liMlroduosihcK* acid iido silicic aiu! h\ diollnci ic acids. 

A (TN stnlinliN di;d(‘ of the acid, ILSil’,. ‘JlLO winch iik'IIs al 10'^ C., 
is (lcj)osilc^l fioin a coiiciidraUd snliiliou al low h inpcia ' mk , hut Llu' 
aiilndious acid Jias nc\cr been ohlaiudl, Idi iK sniiilioii can Im* ( v.ipo- 
rated coniph t( ly, haMiii; no nsidia* d'his is dia !(► tin \ .ijKaisaLioii 
of hydrodiiosihcic acid loj^^llnr with sh.uii. I in h\ dinlliiosilicK* acid 
bcirif' ])arll\ dissociated lulo h\ dro^nai lliioinh and alicoii let lalliioridc. 
'J'hc ])]icnoiu(‘M,i olK(r\<ih](‘ nii tin disl dial ion of h\ diolliiosilicic acid 
solutions }ia\(' In « n studied i>\ l^iui and (daissmi '^ 'rin* \apour 
arisiu<r from a Idd pi r cent, snhiliou of llu acid has a conijiosilioii 
corii spoudui'^Mo lhal rc(|uncd hv tin lormiila ‘JllhSir,, :ind is partly 
dissociated, it hi mi| <siimat<d from \apoui-duisil\ di Iciimnations 
that at 100'^ C h\drolhiO',iln'ic acid \apoMi is moo Ilian Iwo-thirds 
dissociated. Tin dislillati lio.n .m acid nioii concuiliahd than ].‘h;3 
}icr cent, coiilams silicic acid, horn which il is inluiid that silicon 
tetra fluoride leaves the snhiliou mme iapidl\ lhan livdioLrcn lluoride 
and then suffers hvdiolvsis m the dishllah , < n .ucminl ol its excess 
of hvdrojrcii lluoiuh- (he icmamm:' acid di solves silicic acid when 
cva}n)rated with it. Tin dishllah liom an at id wi aUi r than hi .‘t pta* cent, 
coiitams excess of hvdioircii Ihioinh, ainl tin icsnhud acid ilcposils 
silicic acid on cvapoialioii owmir to the hvdiolvsis of icmainmLj silicon 
tctrafhioride. It may he addtd that a solution which will dissolv'c 
silicic acid will etch j'lass, hut Ih.iL a solution cont.imun' onlv hydro- 
fliiosihcic acid docs not etch ^^lass 

Salts of Ilifdrolluosilicic AvuL rUwsilivtiU's, Sihalluo} tdrs . — The 

salts of this acid are obtained liy disstelv mi^ nn tallic oxides or carbonates 

^ Stulha, J. prakt Vhtm , ISIvi, 90, I'liS , 

“ Ostwnld, J. pjakt. ('luni , LS8.X |u|, 32, 'iun 

’ Baur, Bn , 1903, 36, 4209 , Baui iwnl IJlacosncr, Bti , 1903, 36, 421.'> 
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' in the aqueous acid, by causing silicon tetrafluoride to act on metallic 
fluorides in the solid staU' or in strong solution, by dissolving silicic 
acid >\illi a luehdlie lliioiide in M(]ueous hydrofluoric acid, or by precipi- 
tation. The sails an* eiNsl.dluie. and are soluble in \Natei excej)t those 
of the allvah niil.ils and barnnn The insolubiJil} of barmni sihci- 
lluoride — 1 })aiL dissolves in fl.S()2 })arts of cold vvatia*^ — is soinetiines 
employ (1 as a nitans of sepaialing tins metal in analysis. 

Silieifliiondt s lose silicon titrallnoiide' when heated strongly, leaving 
a residue of fluoride; conciaitraled sulphuric acid liberates hydrofliio- 
siheie acid, winch is evolved, and dissociates on healing. 

Alkali hydroxide and carbonate solutions decompose a silicifliioride, 
forming fluoride and silicate. Conseipienl ly wlieii a solution of hydro- 
fluosihcic acid is titialed with eauslie soda solid ion m priseiiee of 
litmus, two traiisilion [loinls are ob.serv ed eorrespondnig to the neutrali- 
sation of I he original acid and the decoiii posit ion of the resulting sihci- 
fluonde, thus : 

(1) n.,SiK„ -} 2Xa()U =.:Na>Sil\ + 211,0 

(2) Na,SiF„ -1 tXaOll - oNaK -|- Si(()ll)4. 

Litmus .shows the piTinaiKMil e\c(‘ss ol alkali aflir llu* completion of 
the second reaction, .since SqOIIl^ do(s nol behavi' as an acid towards 
this indicator. 

If excess of ammonia is addid to a solution of h\ droflnosilicie acid, 
gelatinous silica giadnallv s(‘paiales owing to a similar deeomposilion. 

The silici fluorides are isomorphous wiih tin* corn spondirig tilani- 
and stanni-fluorides.2 The folhuving art* tlK rmoelK inical data relating 
to the |)olassinm sail : 

solnlioii) -|- 2K()11(-'; solnlion) — 

K.2SiFg (solid) -j- 211,0 tbflflfl calorics, 

S1F4 (gas) -f2KFa(|. — K ,SiFy (solid) 22,800 caloiies; 
flSiF.! (gas) + i KOllaq. -- 

2K.2S1FJJ (solid) -f Si(01I)i (solid) H- 82,010 calories. 

Silicon Subfluoride. - According to Di villi-'* and 1’ roost and llauLc- 
feuille^a lower lluoriih’ of silicon is formed when gasi'ons silicon tetra- 
fluoride is jiassed over silicon liiateil to the softening-jioint of glass 
and tluii suddenly cooled. A while, volatile powdi'r is thus dejiosited, 
whicli conlains less lluoiine lli.m ^silicon tel iMlInoride and ri'duces 
permanganate solution; it is supposed to be a derivative of tir- or 
bi-v'alent silicon.® 

Silicon Tetrachloride {T(i)achlotosilic(inf‘), SiCl,.- -Silicon tetra- 
chloride was liist olilanied bv Ber/Alms 111 1828, and is formed by the 
union of its elements when diT chlorine is passed over liealed amorphous 
or crystalline silicon. Insli ael of })ure silicon the crude ])rodnct obtained 
by Gattermanii’s method mav be employed, being heateil to 8()0°-31()^C 
or magnesiuni silicide may be gently heated in a combustion tube, 

* Ffesfiims, Aniialev, 1810, 59, 120. 

- Thus smah'ir nonionclatun* justified, see note, p. 176 

“ Tiuchot, Compt rend , 1884, 98, 13.30. 

‘ Dev die, Ann ('him /Vty* , 18/57, [111 ), 49, 70. 

'• Tioo'st an«l Unutefcudic, An7i Chini J'hiffi , 1871, fv], 7, 464 

* Stse also Jac|ueiod and Tourpainii, .7. (Jhim p/?//.s., 1913, il, 3. 

’ Uei/elilis Pogij Annahn, J824, i, 219 

® GatLeunaiiii and Weinlig, Blt , 1894, 27, 1943 
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throiifjh which clilorinc is pnssal. nml the silicmi ictracliloridi* comleiised 
in ii Rcciver snnoniuh <1 liv i(‘(‘. Tli. silicon tctracliloiidc ihiis pn parcil 
\mII contain sonic Si AM,, and a iillli Si.(l^ fioni N\lni‘h il is In i'il h) 
fractional distillation II m.i\ also In- (ttilannd 1)N pa^siiij^ I'lilonm* 
ovci It riosilicon. c(»nlaniinu’ la per cuil. of silicon. nnIih’Ii is lu .ilcil 
to n'diK'ss in a liie-el.iN otoil. and also sinniailv fioni ciiprosilicon. 

Lastly, silicon l» I raeliloi id« ma\ he in.idi- 1)\ piissini^ chlorine o\ er 
a luatid nnxlnr(‘ ol sihe i a:.d «ail)on 

SiO. \--2i' 1 L*(’l, SiCl, , L>('0. 

Tins react i<»n is tvpical of .i ik ral nn I hod lor pK parniLl non-inelallic 
chiorides, an<l dilh is < sst nl i.div lioni that to he i niploN ed lor iik l.illic 
chloiides, M/ tin aelmn (»l l|\ doiehloi ic aeid upon thur o\idi s or 
hydroxides. Consider, for exanipl' . the two na(*lions 

Ca(()!I), -1 tiIR'l * Cad, | Ldl .() 

Si(OII)i -1 Kiel- SiCl,“ : 111,0. 

The difference helwteai the metal .iiid llu“ non-melal is si^mahsi'd by 
the (lireclion of tin* icaction 'Plus dilterenci. ho\M‘\'“r. is seldom 
absolute, and with thmenls of mltinudiat*' ehaiacter it disappears. 
In the case ofsLimiic Ini, for cx.imph*, the n ,icl ion is ri N ( isihh 

Sn(()ll)t -I- KKM --^.SnCI, | III.O 

and btanme chloride can be pn'p.iisd (ithu h\ dissobniLj stannic 
Iivdro\id(‘ in h\dioehloric acid, oi h\ passm;^^ chloime ()\ im* licaled tin 
or a inixlnre of stannic o\id< and caihon 

Pi(j})ii!u\'> (tf Stlu'on Ttitachlomlr. .Silicmi h traehloiide is d heavy, 
colourless, fnmmij Inpiid Tin ic is some disui panc\ lx tween dilli're'iil 
obseTvatieins of its boilm^-jioiiil, piohatilv owin'; to the diHienlly of 
obtaiiiiiii; the* ceiiiipoimd free from hiLdie i chloiidis. 'flic k suits he 
between 5U'^C. and ad 0 'C .it 7d0 mm. pn ssiiic 'I’ln* lal tei li inpi ralmv, 
obscrvcei byj. Me veTanel Ihcher.Os probabh most nesiily coi n e-l. MMiis 
coinpoimd solidities at — <S9'’ C. 

Nnmerems e>bsci\ations 1 m\c be< n maeh upon the di'iisilv, the* 
mean ol lour ch»sclv .ejrt « im; k suits - lx iiu^ 1 a'JI Dumas * found the 
vapour density to be .7 IK‘190 ; lh-i;nanll * loinid il lei lx .) K(i. I lie ealeii- 
Jafceel value* bem*; 5 SS.TJ M’lie* eiilie*al hmp( inline is 2;i() and 
the he-at of feu'inalion LlT.dK) eMlenics'* M’hc vajxxir is not ioiind to 
dissociate* at the sortcnmi;-j)omt of |x>rcel.im. 

Like* acid chloiides m «;eneial, but nnliki (*aibon Icl rai'liloiiek', 
silicon ti'lrachlonelc suffers li\eliol\lie de*e*omposil ion b\ u'ale*r, foiminj; 
hydroeliloric aeiel, aiiel Ihe aeiel cenrespondiiii; to the ehloneh , m this 
case silie*ic aciel ; conse*(|iie*n1Iv, uhe*n silicon le liae*hloi ide re.i(*ls with 
water «;elalinoiis silica sejiai.ihs. The luat of this k action has been 
measured by I5e*rtlu lot anel Thomse*n.^ wlm found il to be- (itt.OOO and 
69,1300 calorics pe*r aram-mole cnle* uspe*ch\ely. \Mie‘n steam reacts 

' .1. MrvtTanel llcikci. Zfit'id uutm/ ('hm , IDD."), 43 , 251 

^ Thorpr, Triiii'> (’hr in Sti< , issd, 37 , .‘{27. 

® Duma'^, -*In« ('fum I'htfH , IS.V), |iiij. 55 , ISU 

* Re*gnniilt, inul , iSVi, 36, 1»S7 

® Mpiieh'lrclh AnmU-n, iSlil. 119, 11 

• Troost and Ilautofe'uilU*. 'lax Chim I*hyn , 187(),'| r j, 9 , 70 

’ Berthelot, ^t/ia Chim Phif's.j 1878, tv), 15 , 213 

" Thomecn, Ber., 1873, 6 , 711 
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with silicon tetrachloride \aj)oiir at a red heat crystallised silica is 
formed, and if iml.dlie ()\ides are present crystallised artilicial silicates 
may he jjrejiari'd. Silicon U 1 raehloridi' le.iels willi dry air at a yhitc 
heat to form o\\eh'orid« ; it m.i\ Ik distilled Ironi sodium or pol.issiiim, 
since it dots not nsaet yitli lluse nu’lals hilow ‘J(K) C , Ihoiii^h at a 
red heat it \ i< Ids ils ehloiim to them, amorplions silicon Ik ini,^ sejiaiali d ; 
zinc and siKii, and to a less e\l(nl cojijkt and iron, react similaily, 
but in no ease is a lower eliloiide* of silicon Ibinu'd. 

lI\droir(‘n snlphide* at a U‘d heat forms silicon ti lehloroliydro- 
snl})lii<le, SiCl ,Sll, anil hyilro^i n bromide and iodide ( ITi‘i ‘1 a elianijfe 
of haloiren willi llu‘ formation of mixed silieeai lialides (77’.). IMios- 
])horic oxide forms phosplioryl ehloiide and silica, sulphur t rioxidi* 
forms p\rosiilplmr\l chloridix S./)r,Cl2, and eoncj'iilialid siilplinnc 
acid iirodiicis silicic acid with e\olnli(ui of ludro^eii clilonde. Silicon 
tetrachloride* also reacts with man\ m< lallie* o\ide‘s, foiminir silica and 
nu'tjdhc ehloiieles or oxychlorielcsM with nitions aeael it forms niliosyl 
chloriele, anel it ivacts similailv with fatly acids, formma the ir chlorides, 
while* with alcohol it forms e thyl sihe*al(* - 

Siheein teliai'liloiiele is the slai liii'^-peunt for the })re*paralion e)f 
orj^anic eleri\«ili\ e‘s of sihe*on. which eire now' known in larije niimhe’rs. 
The chloime atemis may he e \chan<re*el Ibr enirame ladieh s lliioiiirh the 
aiTcncy of (1) zme alkOs, (11) soeliimi anel alk\I hremneles 01 io(hele*s'*‘ 
(FittijV's ivacliem), or (m) hv Kipping s a))phe*.ihe)n of llie* moie i(ee*ntly 
discoN (*re'el and \.ihiahle (hiKnard's re .iu^ nt, in which niauiesiiim 
reacts w'lth an alkvl or arvl hromiele m elhdeal solution, pioehie-mer 

lb* 

majrnesium alkyl or ar\l Imuimle*. e xe-li.in^ri. 

its eiraamc raelie*le* Ibr a chlorine* ateim ol silicon ti‘lraehloinle,* thus : 


dir 

M-/ -i-SiH, 


M<r/ 


Jlr 

M'l 


+ SiC’l ,X. 


lie'sieles these suhstilntion ])iodiiels. silicon te Irae-hloiide* alse> lorms 
some addition componnels. It ibims wilh ammeima a while*, infiisihle 
mass having the composition SiCljdXlI.; anel ,ihsorl)s phosjihine* at, 
low te*mi)e‘rature*, fe>rminu suhslances of ineh linili* e*omposil ie)n. Thus 
at -- *20’ C. silie-on te*lrae*hloiiele* absorbs hvenly limes, and at — aO' (\ 
forty times, its xolmne* ol h\elroj^e'n jiho'^phule. lb' slroiiLj (*e)mpi’essie)n 
at low temperature* sihi-on te*trae*hlonele* anel h>(li*o<>(n pheisphiele* e*an 
be made to form an unstable* crvsLalhne e*ompe)unel whose* eonipe)sili()n 
IS unknown. Silicon tetrachleuiele also forms adehlive ceunpeninels willi 
organic bases.® 

Silicon Tetrabromide {Tdiabromosilicdm:), SiBr 4 . -SiheaMi l(*lia- 
brenmde, lirsL e>blamiel by Serullas,’ is jire-pareil similarly te) silieem 

‘ RauU'r, Annahn, 1802, 270 , 244. 

- Fiifelcl and (’laltfl, Atni (Uum /V/y-f , 18113, [ivj, 9, 12. 

“ Kii)pin!:{, Trans Vhem Sot , lOOl, 79 , 4ri0 

4 Ki])innjz. Proc (hem. Soc , 1004, 20 , lo . Trans Chem Soc , 1007, 91 , 210 Uiltliey, 
Bcr., 1904,37, 113“ 

® Besson, Conipt rend 1890, lio, 240. 

« Haielen, Traris! (Jtietn. Soc., 1880, 51 , 40. Reynolds, Trans Chem Soc , 1888, 55 , 
474. 

* Serullas, Anu. Chim, Phys., 1831, [u], 48 , 87. 
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tetrachloride ^ hy j)assini^ broiniiu' xnpoiir oxci jui intiiiiatc inivtmv ol 
silica Jiud carbon or the crude silicon i)!' (ialli imann ‘ , hulrotjcn 
bromide m.iN be snlKfihiled lot bromine \\lun silie()l)ioinol’oim .iceom- 
panies tlu Uliabidinide An all<in.ili\» nuthod consists in caiismj» 
silicon ietraehloiide to leact with c.iibon tc I i.ibromidi'. ' when i‘\chanire 
ol’ lialojifeii takes plact*. 

Pinpt'ihi's (if SIIkoii TiimliKiiiiKlr. Silicon 1( I raluorniih' is a lit'avy, 
colouiless lupiul winch (\ol\<s «lcnse wliih riiim •< m moist air. its 
density .it 0' C is ‘2SI2S (Ihirit) oi ‘J S‘J {lb\nolds), its boilin^^^-point 
has been round l)\ diilc o ut obsi i\t is to he lx I wi . n 1 IS C*. .'iid (’. 
The most neuit, .ind pioh.ihK Ihi most .leem.di'. d( li i mm.ilion is 
tlial of Jlli\,M\ho loimd l.">0 .s (’ ;d T.”)! I mm pns^iih Solid silicon 
tctr.'ibromide is a pcirK (i\sl;dhn(‘ mass whn h arixndiiii; to 15h\ melts 
at ,5 ’ C\, but accoidini^ to ot h( r obsi 1 \ ( rs l)( I w( I n l‘J C and 15°C. 
The solid IS In a\ it r than tin litpnd 

The heats of lonnation ,nr as h»llow 

Si(ci\sl.) I ll{r{ln|) SiHijtlitjj p 7 1. 000 calorics 

Si (cTSst ) -j llh (\ap.) Sil>i,t\.ip) | Sa.SOO 

Water re.icts \i^tnoiisl\ with silicon tt I lahiomidi*. h\diolNsin<t it with 
the Ibimalion ot silicic and IiNdiobiomic aenis . lilhaiifa piodnces some 
It ad bromide anti had silit'ale . ammtan.i loiiiis llir whilt .imorphous, 
addiliNc compound Silb,7Ml.. which is (heoinposeil by water; 
j)]ios})hme,‘’ oi«ianie basts," anti lhit>- .mil ,dk\lali‘d iin.is also form 
additne (‘om})oiiiiils with sihton It I i.ihiomidi 

Silicon Tetra«iodide {Tttia-mdasthainc), Sil, Silicon telra-iodide 
IS obtained In tin iliitel eombm.itioii ot ils ihmenls, by leading a 
stream ol lodmt* \.'iponr bv imans ol eaiboii dio\ide, t)\ t r red-hot 
silicon, which may be t ilhei pnn or in the eiiith foini ((iailermann 
It has also bet'll pitp.intl b\ jmsmH'^ lodint' Miptnii heattd It) ISO"^ C. 
over silicon lu .detl in .i \ .leiinni to .>00 (’ “ 'rht‘\apom ot silicon tetra- 
lodnle condenses to tin* solitl sl.ilt win n cooh d to almospht i‘i(‘ lenipt'ra- 
tiire, anti tlie (‘oinponnd in.u be tnsl.dhstd liom e.nbon disiilphidt'. m 
1 })ai t of w Inch 2 |).ii Is disM)l\ t .it 27 ('. Silicon It lia-iodnle ei> slalhses 
in rei^iil.ir ocl.dn tlr;i, isomoiphons with c.iibon li t ra-iodidi it melts 
at 120‘.j C. . 111(1 boils .it 2{M) (’ . .mtl its \aponr thnsil\ has btrii 

eslinialtd to be 10 12, whilst lhtor\ mpims lS.“n It bums in the 
airwith.ired ll.ime e\ ol\ inu iodine \aponi. .iiid is huliolystd noimally 
by water, whilst with alcohol il>. n.iition is uiinsual. since it |rives no 
ethyl silicate, but mIicic acid, elhvi lodnle and iiNdnodic acid 

^ l.t Mioltlh, '/'/(»/)'« i hun ,Snt ISS7, 51 , .^>'10 
(I.ii tciinuun, /»»; , Iss'.l, 22 , IS'I 
•' (.'u'.t.OMni, Ann Cl'iin J’hij , IS7I, (vj, 2 , L'OU 
‘ Oliv, JJa , nun. 36 , IJIS 

® Uerlhriol, Ann ('hun rhi/^ , IS7S, |v), iij, 213 
* Besson. (Unnpt uml, Is'lu. no, _’I0 
' ReynolfK (’/inn /(or, 915 , "il 2 

“ lt(‘\ noltts, ’I'liim ('Inin Stn 1.SS7 51 , J1 J 

■’ I’lifilcl, Cninpl innf , tSliS, 67 , 'IS jMifit-l nml liatknhui^ Utr , 1880, 13 , 025 
(..ittfiin.nin. /In , ISS'l. 22 , laa 
(jiuieliaitl. Comfit niitl , !W07, 145 , 80/ 
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Mixed Halides of Silicon. — Th(' c\'ist(‘ncc of ta complete series of 
mixed luilules, each eonhiminj^ two diiTereiit kinds of hnlooen atom 
(cxe(‘ptin<» (liioime), eonsliLiiles a ]veiilinr eluiriielei islie of llu i lenient- 
silicon. Thes(“ eoiupoinuK F.ill n.iliiiallv into llnee e.il( ^^ories . those 
coniainini' (1) ehlornu and I iron i me. (‘2) elihwine mikI in(lmr.(.‘}) hronniu' 
and lodiiK . 

(1) Silicon Chlorobromides or Bromochlorosilicanes.— riu Llin i' 
coni]j()uii(ls III this eal<-n«)i\, Si('l,l>r, SiCKlh.^, SiClIh'j, are formed 
tomlher wlien liulioirin hromide <ras reacts willi silicon fetiaeliloride 
or silieoehloioform at a red Insat, or ^\llen a mixture of silicon tetra- 
chloride, liydroirin, and bromine is submitted to the inlliunce of the 
sihmt elect lie disehari»<\ Win n the mixed jirodiiet is cooled to — 00' C. 
silicon chlorotnbroinide, SiCllJra, a[)]H‘ars as a solid, and llu* other 
two conipoiinds are si'paralid by fractional (list dial ion of the 1 m|iii( 1 
portion. 1 

Silicon trichlorobromide, SiC’l.Ib, also n soils lioni llie action of 
broniiiK' on silicochloroform at 100 (\ and on sdicon liicliloroli\(]ro- 
snlpliidc. SiC’ljSII, at atmospheric It injx ialnns- 'i’wo molt coles of 
the diehloiodibroniide, SiCUBro, are chanL,n d mio (SiC'IjIJr I-SiClllr,) 
by the silent ehetiic dischar^u' m prisiaiei of l»\dio(rin (Iksson and 
Fonrmei ). 

Sfhron T) Uhlorohromulr, SiCl.^Hr, is a eoloniless, liinon^^ li(|nid 
which boils at «S0'' C. and forms amIIi ammonia the solid compound 
2Si('l,nrllMIi 

Sih<'o)i l)u'hloi<)(bbi<ni\}(li\ SiClglb’.^, is also a colomliss, lomm^ 
li({md \Nloeli bods at 100 ° C. (Friedel) or 10.*^ lOa ('. (Ihsson). It 
forms with ainmonnT. the solid compound SiC’loIh o.aNIl j. 

S}bco)i ('lil(fKtfnhnmii(l(\ Sidlb .. usimbbs 111 ollui two coni- 
poonds, but bods at 1‘20 - l‘ 2 S ‘ (\ (Hesson) or 1 K) - I 1 1 " (\ ( nolds •'*) 
and s()liddi<‘s at —.*19 C\ Tlu* (l< nsily of llu ]i<|md is ‘2 l,*J‘2 and its 
vapour dcnsitv lO-Kl (theory = 10 - 17 ). Its compound with ainmoniii 
is Si(’ll}r.j 1 INII3. 

These mixed halides are decomjiosed by water smokirly to the 
sinijile lialidi's. 

( *2) Silicon Chloro-iodides or lodochlorosilicanes. - 'liic (diloro- 
iodides of sdicon are prepaiidb\ the iidi-raelioii ol sdicon telraeldoride 
and hydrofjen iodide m a ri'd-hol tiilx-, or by tlu' action ol lodiiu- mono- 
chloridc on red-hot sdicon. Silicon Iricliloro-iodide, SiC’ljI, also u soils 
from lieatin*^ iodine with Mhcochlor(»foi 111 in a sealid lube to ‘200'-‘2,>0''’ C. 
These com})omids, wdiich are separated by fractional distillation, 
resemble the chlorobromides and an- similarly decomposed by water; 
they bcconu' coloured on (-xposnre to air (nvm<^ to the libiralion of 
iodine. 

Sibcnn Trichbnu-iodide, SiClgl, boils at C. and forms with 

ammonia 2S1CI3T. IlNIIj. 

Silicon Divhloiudi-iodide, Si(’l.,l2. boils at 172 ° C. and forms 
SiCl,T,. 5 NH, 

Sibi'uii C'Jilnrotn-iodidc. SiClI j, melts at 2’ t'. and bods at ‘ 2 ; 3 J."- ‘237 ' ; 

the compiisilion of its ainmonia comjioiind is unknown. 

^ Bc‘Sson,6'rt;/?;>/. .///fZ , 1891, 112, 7SS, IJesson nrul Fouinior, rowi;;/ temi , 191 ], 152, 003. 

® Frioilol, Anmib'i:, IS07, 143, IIS, 1808, 145, IS."), 

’ Ileyiiolilg, T}uii\ ('hnn Sor , JSS7, 51, ."»9U 

* Besson, Vompt. rend., 1891, 112, Oil, 1314 
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m «5T and its compounds 

pounds *‘^“'»»‘omosilicanes. -Tlusc cDm 

propc.rlu.s.i Thnslluv./sull n , ^ ol' , I, on u„, 

•md hvdiOf;,.,, ,od„l,. ul l„.,h I MM,.-, In ' l",'" " '' 

inoiiolmiiuidc on sdicon ulnkl .il. ’ l'"' "" “I' ""Inn 

from ,odm.. ..n.l sdio.dnomll.o V'"'"'' -'‘' "'"'I 

and o\idis(‘d hv xM(ii lil> ii, „ • '1''‘ '* ' I)n w.ilcr, 

j ^ uiHi .iininoiiu] 

suu.n Jd. s!;>: 

cooled lo — L»0 C NM|J„„,I snI. I.r ' 

poinl IS (l{<ssn„i II, d ,1 noim.d niellin^r- 

L>;!(r-o;U''(’. ■"•1,1, in. II-, ,,| lis c. ,i,„i 

Hdogcn''Derivari^^^^^^^^ ''' “t C. 

rf/n7in-,.Si,( |„.-_This,.oinpnnnd i"“m. dTf'l |j''' m" '["/''"'"''f™- 

thc corrcsiiondiiur lodidr, Si ,i |,^ "pon 

mcronncchlond,. i; nnirl, f, is,.,'i, I"' '■oinponnd with 

distils. Troost ,1 |j , 1 1 " l'''■'o■'ll„•o-.HlnllC. 

the union oC .silicon mid iN h I I'n'llloi'nl '•omponiid hy 

the I.d(,i. over Mhilcdiol silicon - H- ^.iponr of 

loiind MijiL it was loniKd i,„f n/. ‘ H -'ncl Wemlicr^ 

chlorine ach'd on crude silicon mV'* ' Vi’" ‘ when 
hv rrachonal d/sl ill.ih,,,, ’* pnr >h ,1 (|„ eonipoimds 

Sr ^ 

dissocintc into silicoiMi Incli'I,',, i',|', • I linnc Inirms to 

continues 11)1 lo lt>()()- (■ .l’,.u , x, |„, l‘ I' '"'i '''''''"cialiou 

•slal.le iieiiii . Cons .enVl . i "" '''H'"" Ixconies 

over silmon h.iiled In. 1;,^ ' '''I 'Massed 

ethane IS I'oiimd, .nid is d.eonin . .'I'.'r' ''I " ''' '''elilorosilieo- 


Sicr 

I 

s-S|( I . 




oi!( 


sSiOOil 

I 

sMOOll 

1 <>n/) UiIpjO, I nil(’l i 11 , 

i'' lonn u ihi Miiid , jmiponnd Sj Ci Kivvr 
which bc^rins to lose ammoma .d !(*.. C .,m,i „ sl/.ul “ 
water. ‘ dceoiii|)osed by 

it;. 

‘ rnriicj /i,r, 18(5!l, ,i(, 

“ Fncdpi, Cowpt. rrnti , IS 7 I, 7 •, Jill I ^ . 

^ Tmost «nd IJaiilotPu.llc hn, (h,,.. ,S7,; (v| 7 Ara 

Gattornifinn and Weinlig, fUr , 1S‘)1, 27, lat;*. ' ’ 



200 CARBON AND ITS ALLIES 

Ilembiomosilico-cthane. Si^Brc- compound ^ is formed by the 

action of bromine on a carbon disulphide soJiilion of tlie corresponding 
iodide, th<‘ lilxiahd iodine Ixing removed by sliakmg willi nKrcurj\ 
II is also amonix tlx producis of (he action of the silent ( lictrie disehaige 
on silicoliroinoform, SilIBrj- It forms tabular crystals, which melt at 
OS'" (\ and bod at ‘JOa (' llexabioniosilieo-ctliaiie resembles th(' corre- 
sponding cldoruH' coiiipoimdin its beliaxioiir towards w at (‘r and alkalis. 

lf(xa-W(lnstfi(o-dJiam\ SiJ^,. Tlit* manner of |)re|)aial ion of Jiexa- 
iodosilico-et haiK' is of inti'rest Ix'cause this coinpound is tile source of 
licxachlorosilico-etliane and Ik xahroinosilico-i iliane, and in its forma- 
tion the link.ig(‘ of silicon atoms tak(‘s placi*. The jiiocess is one of 
cond(“nsation, t<» winch numerous analogu-, arc luinished in oigaiiic 
chennstiy. Thus Fruslfl and Ladenbuig-^ obtained liexa-iodosiheo- 
cthane liv heating th(‘ tt tia-iodide with liiu'lv ilivided silver at ‘JOU - 
300° C. for some hours ■ 

\r 

4- 2Ag I -1- 2AgL 

/ Si I, 

Sil.j 

lJnchang(d tetia-iodah was then i< moved from the )>iodiiet b\ washing 
itAMlh carbon disulphid<‘, m which the l(‘l la-iodide is much mon* soluble 
than h('\a-iodosiheo-( thane, and Hk* latter was IIk'ii cr\stalhs(d from 
hot carbon disulphid( . Ilexa-iodonhco-ethaiK' loiins coloiukss, hexa- 
gonal. doiibl\ nfiadne plates, which iiK'lt in vavno at ‘JaO ('. with 
jiartial (hroinposition, sduon lelia-iodidc* and .i lowci io(hd(‘ siipposc'd 
to be silicon di-iodide, Sil.^, being j)iodiic(d llexa-iodosiheo-i I hane 
fumes 111 th(‘ air, and resembles th(‘ corresponding ehloniK' and bronuiu 
compounds in its behaMoiir low'ards watir and alkalis. 

Halogen Derivatives of Silicopropane, Si,,Xh. Oitachhnosdicu- 
puipnuc, ^i,('Ih, among tlu piodiicts of the action of chlorine 
on crude silicon, of which it forms about 0 5 to I per cent ; it is 
separated fiom the Ulradiloiide and h<‘xaehlorosihc(M‘thaiu- foimed 
W'lth it by fractional dishllation.'* Its Ibinialion. mor(‘o\(‘r, appears 
to depend on the presence of magnesium sihcide in the crude silicon 
Octachloiosihcoiuopane is a colomless lupiid boiling at ‘215 ' ‘21 S° C. ^ : 
after sohdilicatnm it im-ltsat -- (17" (\ ; it is di composed by cold wate., 
forming mesosiheo-oxahe acid thus 

SiCM, SiOOIl 

I I 

SiClj + (ill .O - Si(OII), -I- 8|R'1. 

I ■ I ■ 

SiH^ SiOOII 

OitdhiDino.siliiopiojMiJie, SijHr,. is ibriiu-cl niiKiiiji otlur puiilucts ’ 
of the iieiioti of the silent eleetric diseluirf'i' on silicohiomofoiin. SillHr,. 
It is a solid melt 111" at IWi" (' 

' riudcl ftnd Liitlt'iiliuTi;, J/ow/t/?, tHSi), 203 , 

Ucssoii antJ \'\)unw r, ('onipt. if mi , lain, lO’),") 

‘ I'oetlH and Lidcjdiuijr, Ant}aUti, ISSO, 20 217 
‘ (tntteiinnnn and AVcmlitf, Jin , ISUI 27 , I'lgl 
'■* (Jd’iri inarm me! Kllerv', /»Vr , JSUll. 32 , 1114. 

’ Jlf-tsoii and 1 niirnier, Comfil rr/iri , lIKiy, 148 , 8.*}n 
' Hosson and J’ouinior, ('owpl rtwi , 1910, 151 , 105,3 
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Halogen Derivatives of Silicobutane, -Tlir chlovinc' miwI 

bromine dcriN Jilixt s an known 

Dvcachlortmliailnitunc. is ainom^ I In* piodncls of llu‘ aclioii 

of the (hciric disehaiire on a mixinn* of li\di(»iriii and silicon tcliii- 
chloridc. It is a Ii<|nid lioilinir at 111)’ 1.">1 ' niidi i I.") niin pnssiirc. 

Di'caJnumttsihatlnihint' is IoiimmI, loL^clIwr willi ils lionio- 

lo"iu s, when the siK nl clicinc dischaii:< acis nn sdicohioinolonu 
It IS a (*r\stallm< solid, inclliiii; wilh dn-onijio^il mn .il iSa 

Halogen Derivatives of Silicopentane and Silicohexane. 'I’hc 
chlorinau d d<'ri\ .ili\ ( s Si and , h.i\ 1 Im i n isolahd l)V llcssoii 

and Fonrnici liotn anionic IIk* piodncls lii< aclion ol IIk silcnt 
clcclric dis(‘liari;(‘ on a nnxtmc of li\dioi:(n an<i silicon h I lachlondc. 
Sir,Clijj isan (‘\ln incl\ \ iscons iKpiid hoihi'ir al IlKl (' la mm. Si^Clj^ 
is 11 w hiti‘ solid ,wln(‘li nv Ils wilh d( coinposil ion a I 170 ' (’ and snl)! lines 
in a \acnMin at -00 C 

The condilicins of loiinalion ot Hit lii'da i I'liloi idi s ol silicon have 
roc'cnllv Ih'i’II in\ ( stiLCah d hv Mailni ’ who lias jin pared licxachloro- 
silico-clhanc and octachloiosilicopiopa i< in (|nanfil\ , a> well as sinalliT 
amounts ol the hi^la r chltnnlis. lo<^t I lu r w it h silicon l(‘liachloiidc, by 
tin action of chloniu* on aO jm i cud h i m-silictm .il Itmptialnics not 
cxcccdmj^^ ;il0'(’ Al.iilm .dliinis lhal lli< hii;h< i chloiidos arc first 
Ibinitd b\ tilt chhnin.dion ol chains tif silictm alonis winch |)iobahly 
CMst in harosilicon as well as in lie IkcsoImI (luntiiLand lli.il llicsc 
chains, by linlhd chloimalion, Mchl simpk r piodncls. and linallv 
silicon t('l iachl<)iid(‘. accoidmi; to lh< scliuni 
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1 

SiCL 
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SiCl , 

SiCl, 
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1 
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(hil It iinann ami 
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tetrachloride is lirsl Ibiimd anil Ih'ii combints with sdicon to form 
higher chlorides, is contio\cul(d on tlu* ijionnd Ih.d lie jiiofhiclion of 
hcxaclilorosihco-( thane fiom silicon It i racliloi iilf and sihctai is an 
endolhernne nsiclioii nnhkt ly lo lake jilau j»l so low a tianpcratnrc 
as .W C., that the Mtid of licxachh»rosihco-t lliaiic naclics its inaxi- 
mnni at a still lowtr Icnipcral nrc. \i/. It'O “JOO ( and that w'hcn 
silicon tetrachloride is dislilhd o\cr silicon oi li iro-sihcon bclw'ccn 
200° C. and ( I he loiniahon of hcxachloiosilico-cl hanc is noi 

• Brsstjn and /»/(»/ I'lO'i, ijS, s jji , i/|9, .‘U 

2 anti Ktiuiniti, Cunijit rntd , I'.lia, 151. Kf)) 

’ Hosmui and l'’uninni, hn til ' ' 

* Miitlin, Trati'^ f'lmn. , 11)11, 105, ‘Js;{i; 

(jiattci maim anti Wunlii:. Hn is'il, 27, I'Jt.J 
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observed, but that, on the other hand, hexachlorosilico-ethane unites with 
chlonne at 300° produein« silieon tetrachloride. From hexacliloro- 
silieo-clhane Marlin ‘ has prepared tlie followins ethoxy-derividives : 


Suhstniu (' 


Si,(\ 

51., (i.()|.;i 
Sadi, (OKI), 
SuCl,,(()Kl), 
SiXl.iOKl), 

51., ('l(()Kl), 

su(()KL)„ : 


' pdinf 

I llTI(l(‘t .U tiiiu 


I 


Dt'nsity 


Id'fi.iftivo Tii(1("n 
1 ) lino 


r>() 5° C. j .It l.‘5° (‘ 


; src. 

101" C. 
I 122" C. 


I I.SS" C. 

\ 1 ir c 


1 ;5ss 
1 270 
ii(i;5 

1 002 
0-971 S 


20" i\ 
20" (\ 
20 (' 

17" C\ 
17° C. 


M71S at IS’ V. 

I irios „ 1 1 C 
1 1 1."2 „ 1 1 .V t\ 
1 um „ 1 1 .v"C'. 


1-1205 

i-ti;jt 


1 1. 5° C. 
11-5° (\ 


TIk 


‘S(‘ conipoimds iract uilh jilk.ilis wilii lla- ( voIuIidh of Indnxrcu and 
the interpolahon of an oxy^ren aloin hclwcdi two sdicon aloins'iJius 


— Si— 

I 

-Si - 

I 


-\-o{ - 
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11 


--Si~ 

I 

O -I- II,. 

- Si - 


SILK’ON OXYniLORlDKS 

01 the oxyhalidcs of silicon which nnjrliL be cxpi-ctcd to exist, 
several oweldoruhs alone hii\e bun oblnined, anil of 1h(‘se tlie 
simplest, SiOtl^. is nnknuwn. Onr knowledire ol silicon owejdomles 
is diU' hithe iTseaiehisofh^iedil and Lcidtnbniir/* and of Troost and 
liautelenille, and the subject, appears seared v to lia\ e birii nn esluMled 
sinci' 18tSl. ” ^ 

Ihe lollowinjf o.yehlorides have bein prepared, the inoleenlar 
lornmlie ol several of them luu in^ Iieen esi.ddislud by \ aiionr-densitv 
actermmations : 


\'ti])our Dl'iimIv 
(A ir --- 1 ) ' 

10-05 (Llieoiy -- 9-80) 


15-5 (theory = 15 9) 
31-2 (theory = 2S 0) 


Si./)C4, . 137-138 

. 152-151. 

. . 198-20:^ 

. c. 300 

(Si20,Cl2)rt . above 400 

(Sii07(’l2)„ . „ 440 .. _ 

Ihe oxychloride SigOClg is formed when a mixture of dilorinc 
and oxyjrin is passed o\er crystallised silieon lieated lo 800° C'., when 

' M.'iilin, VVffwv ('hew Sor , 1914, 105 , 2.SG0 
J Mailin Jivr , ISU2, 45 , 2097 ; 1913, 46 , 2442, :32SO 
FroidoUn.iUilc'»l..ir(;. .h,»«fe», 18 «S,i 47 , .B««. Soc. r7.im . 1871, liil i6 au 
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the vapour oi‘ silicon tclr.iehlorulc is passed oxer fils]>ar healed to 
^\lliteness in a porcelain tube, and hv tlie inleiaetion of silicon lelra- 
cliloridc and sulplnii* lno\ide al ,”>() V. 

‘JSiCI, ! L>S(), .Si.OCI, , S, (),(’!,* 

It IS .1 colomhss li((ind wiiieli liiiiiis in llu an .iiid n.icls \Mth waler, 
rornimtj liydroehloi le and silieie acids, \\liil'.l \\ilh .ilcohol and also 
^\llh /me cth>l. it mi Ids I (shi >ii^0(0(\.l 1^),, 'i'ln liiLiInr o\v- 
cldondes weir ol)l.iiii( d 1)\ passne; I his o\\ eliloi idi o\ ( r In a I ( d i’elspar, 
or 1)V leadiiiLJ a nnxhiit* ol il and o\\';<n (liioii'di a nd-liol porcelain 
lube, lh(‘ prodiicl heinir tlun siihnnihd lo ioulional disl illal ion. 

All oT these o\vchIoiid(s consist nC p«)l\ inei isc d SiO^ inolicnles, 
sonu‘ of whos(‘ o\\ n .itoins lia\ (* hi i n n pl.u'i d l)\ atoms ol chloiine. 
Aloicover. th<*v contain chains or lines of alt ( i nati\ ( silusai and ow^en 
atoms thus • 

I I 

Si O - Si - 

I I 

^^]llell are so chaiaelt iisln* ol tin ihmeid Mlie«>ii ispieiallv in the 
nahiial silicates. Althoiieh linn is no e\idtnc<“ as to lh<‘ actual 
coiislilulnin of llu‘se compounds, it is nasonalde lo sup|M)si‘ that 
Si,(),,C’1r possessis a e\c|ii* constitution, to winch il is mt( uslmir to 
iKdc, a phen> 1 (h‘ri\ ati\ c ]m-p.arc(l hv K’pjmie - liom SiCI , eoi K'sponds • 

Si(1.- O-SiCl, mIMi, -O SiPh. 

’()(/ ;() 0<^ \o 

SiCl,- O- SiCI SilMi., <) Si^l'li 

. • Il . , . 'I IiO HI lie 'll 


Si, jO,, (1^,1, how(\er, u most iasil\ opo suited as .i ch.im eompound: 
CljSi ()-Si(’l./() SiC’l . () SiC 1 , whih "i-'' po^^ihlv consist 

of two eiehl-nicinl)i-n d iuilts linked Ihioiieli o\\ein, thus: 


SiC’l . 

()- .Sil’l, 

■ 

N)' 

Si(’l 

() SiCI 


SiCI o 

Si(’I 

,/ 


\ 

/ 

SiClj-0 

SiCl_. 


Wliether these conslitutional tea inula' ade.jiiatcly re pn'sent the tacts 
or not, it IS plain that tlie existence' of these complex oxychlorides is 
connected with that of the siniilarlv complex silicic acids of which the 
natural silicates arc salts 

^ • 

' Mangel and HicgcJ, Znl.'^ch anorg Chem., 19 lU, 8o, 261i. 

* Kipping. Turns Chrm S(fi J012, loi, 2i2r) 
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the prismatic faces arc eiitirt^ly absent ; generally the pyramidal faces 
arc uiKcpially dcvcloix d, three alternate fae(‘s being large, and often 
almost crowding oul the other three. Tlie three alUTiiab* pyramidal 
faces are the* laces of a rlionihohedron, whieli is a hemiluilral form 
deriv('d from tin* Jiexagoiial jivraimd ; and a (jnartz crystal really 
consists of two sneli lu imhedral forms eomhiiud. It is therefore said 
to belong to the rhombolu dral di\ ision of tlie lu xagonal system. Another 
feature* of epiartz crystals is the horizontal strnc on tlu ir prism faces, 
and a further one the frequent luvseiiee* of other small faces whie-h In* 
between the* pyramid and prism faee‘s on alte rnate corners of the crystal. 
Tlicsc small lae'e*s cause* tlie* crystals to appe'ar asymmelrie, i.t\ to be* 
without a ]>lane* of symmetry ; and the'rc are* two kinds eif such asym- 
me*trie crystals, \\hieli are re*Iate*el te> one another as object anel image*, 
or as right and left haiiel Tin* crystals an* Ihe ie'lbre* said to be e*nanlie)- 
morjihous, and are eonye*nie*ntly calle*d right- anel lift-haiideel ervstals 
(se*e Fig. 5). 



Flo 5 - Enanlionnnphous quartz ci>. si. ils 


Now eiiantiomoi'jihous crystals are known ameingst organic com- 
pounds, and aic tlu re asse)eiate*el with ojitieal acti\ ity of the* eonqiouiuls, 
as, for inslanee*, in the* e<ise eif the* lartaiie aends. Qn.irlz, too, is optically 
actiye, i.e. it rotates the plane o^ ])eiIarisatioii eif abeam ofjiolarised 
liglit that passes through it in the* diie'ctiou of the* jirineipal a.xis ; and 
the opjiosite cry.stals aie* ejpposite in Iheir eqitie'al aelivit). In the case 
of eirganic compounds eijitieal aetnity is a molecular preijieily W'hich 
persists W'hen the eompounel is m the* .slate of fusiem en* .seilutiem ; it 
arises freim tlie* prese*nee within each molecule of one or more “ asym- 
metric ” carbon atoms. In the case of ejuartz, howeyer, eiptieal activity 
is a property of the* crystal rather than of the molecule of silica ; it 
depends upon the way in which the'sc molecules are* built up w’lthin 
the er}'slal. 

A section of epiartz, 1 mm. thick, cut perpeiielicular to the principal 
axis of the crystal, rotates the plane* of yellow (D) light through 22° 
and of blue (G) hght through 43°. 

Such a section shows interference colours in the polariscope. 
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The refractive index of (]iiartz !o» h()diiiin([)) li:hl /i„ — l*r>l II IT ‘ , 
its density .il O'-’ C is 2 O.-jOT. ciiid I'.ill'- fo ?OIO!) at 100 , its 

hard IK ss on Moll's scaK* is 'K s|a<-Hir lu.il o io 0)0^ (' is 

given by th*- lormula 

Y! ^ 0 17;}7 1 OOOO.'Jlil/ 0 0-27/*' 

betwej'ii 1-00’ .ind 1200 (’. it Ikvoiius tonslanl 0 

Oniiil/ melts in llu n\\ li\ diogi n ll.imi (1000 liaO C'.), pnxinemg 
a glass whose d(‘nsi(v .d atmosplu iie ti mpei.ilnii is 2 20; il begins 
to VJl])nrisi bet ween 1700 ■ C‘. and I7a0 ('. Ihlon 1 1 ai'liiiig its nn II ing- 
l)oint, Iiowtver, it nmhrgois iikmIiIkmIio'i \bcnc .)7.'5 (’ ordinarv 
qnaMz, which ma\ be ealhd a-qnailz. uiuhigo*'. a ii\usibli ehange- 
into [:i-(|Mai'tz. whH*h dilhrs Ironi th< Ibinui m oplnal proixrtu's 
and in Liu* kind ol (telling ))ro(lne(*d upon it l)\ h\ d'oihioi le aeid ; 
whilst abo\e HOO' ('. (piart/ is eoiiMilid ml > linlsinile * 'I’luse laets 
llirow some light on the teniperatuK* (‘onditions oi’ loiination ol ipiaitz 
and tiidvnnli*. 

lal Puidiu'lion of Qiiatlz M.m\ < \pi ima nl'. h i\e bei n made 
upon llu* production of (pi.iilz m Ihi po si ne( nl w.dir, and in tin- 
dry way. Chrnslseholl,* basing Ins ivpiiinunls on prexioiis wosk of 
Schal'h.uitl and Siiiaimonl. oblaiin'd .piaitz b\ Inalmg an atpieons 
solution of colloidal siln*a to 2.")0 ' (’. foi soiin !nonth^ \lso he added 
hydrolhioboric aeid to the sihea solution .md obtaiind eivslals of 
crislobahle at IHO^ to 22.S (’ , (piait/ at 210" ;U)o ( . and tiidvnnle 
at ;J10'’-J}(j0^ C. (^iiailz has also Inin obi nmd 1>\ Inalmg gnial moils 
silica w'lth caustic potash and .dnnnna, and with ainmoninm llnornh-. 
Allen prodifec'd lin<-er\ stals of (pen t/ ))\ In at mg i mi\t me of m.ignesmm 
ammonium ehloiide. sodium nn-lasilieat'- -md uatii at lOti" 150^ tl. 
for thue da\s m a ste( I bomb.-'’ 

M(‘lhods for the prodiielnin ol (piailz m tin* diN way melii(l(‘ the 
healing of amorphous sihea with so(imm or hthinin timgsl.il(‘ to 750°,** 
and of (puirlz glass to 700'-’- TaO (’. in tin \,ip«nns ol alkali chlorides ; 
but m most of tin allenipis to obtain (juariz m the dr\ wav tridynntc 
was formed bec.mse the tempeiatuie altannd was above K00“ C., the 
transition temixratun* of (piarlz into linlMUiti*. 

L'ses oj Quaih (^iiait/ li.is been valued liom tin tarlie-'l times on 
aceount of its Iransp.iuuey and haidin-ss It is ' inploud in the form 
of gems and ornaments, foi making spt etaeU -ulass< s (liom ‘ pebbles ”), 
lenses and ])nsms, and unalteralile eluiuieal wt edits, whilst the 
commoner kinds are used for enttmg and poll .lung piuposi s and in 
the manufaelure of poieelam and glass. Agate is ( mplova d for making 
mortars and pestles for gimding liard solids, and for the bearings of 
chemical balances. 

A recently developed and important use of <piarl/ loi the manu- 
facture of (piartz glass. ^ Tiansjiareiit (pi.irt/ <d g(xxl (piahty is tnsed 
in an electric furnace, and the lapiid w'ork( d like glass into various 

^ Rubens, H ar/. Anuuhn, ISO.), 54, 47(5 

“ WiJ|:ht and Jvirscn, .4/«<r J Nrt , lOUO. (iv), 28, 20'} 

® J)ay and Shepherd, Amn J Sa , 10(1(5, Ii\ |, 22, 271) Stein, 7.t\l\ch aywrtj. Ckcm., 
1907, 55, 150 ' (’htusl-f liull, ('utuiit. lenil , ISS7, 104, (5112 

“ ('ited by Day and Slx-pherd, loc fit. 

• Hnutcfuuille, liull Soc min., 187S, i, 1. 

’ Brim, .4rcA. Sn jthyt nat , 1008, [iv], 25, CIO 

• Vtde Buttomby, J. Soc Chem Ind. 1917, 36, 677. 
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fonns of chemical apparatus or drawn out into threads of extraordinary 
delicacy, wliicli on accoiiiil of strciijrtli arc ('iiiploycd for suspensions 
in jralvaiionulcrs and olhrr inslrminnts (I?o\s). Qiuirlz irlass lias 
S(‘\t ral ad\.ml.iu<s o\(‘r containing basic o\idi s Its coi lliciciit 

of lunar expansion is only 0 OOODOO UO ; or, aeeoidintr to Il.irlow.^ Ilie 
cubical cot Hick nl of exp.insion of fns(d silica is 9I)-S x 10“*^ for the tem- 
perature inter\al 0’ lOO*^ C.,an(I 1 l l*7 X Id ” foi llu* inlerv al 0 -IS t^C. 
In eons<(pienee of tins very small coellicient of expansion, ([iiaitz class 
can be lieaitd to a red heal and plunc(‘d mto water without fiactnre; 
it ma\ Iheiefore be (mplo\ed m lh(‘ distillation of \aliiable li(]iinl^and 
of siilplmnc acid, as well as for thermonulrv ; whilst the* fact that it 
contains no alkali to bi‘ (xtraett'd bv w.iler makes it of servuv m 
chemical anahsis. The* deaisilv ol (jiiartz class is ‘J ‘Jl, its haidness />,* 
its refiacLive indt x for the J) line, - 1 laSIS“ 

A non-transpar(‘nl kind of silica j,dass, known as “Mtreosit,” is 
j)re})ared b\ passme a ])ow(ifnl ehetrie cnirent throiicli a eaibon rod 
or ])lat(' ( nib(*dd( d m sand. Tlu' sand tnsc's loimd the carbon, and 
when, the* lall<r is remosed an object of I ranshieeiit silica lemams, 
which nia\ be jr|a/,( d ext(‘rnally b\ siibseejiu nl fusion or weirked on a 
lathe. \’'itr(‘osil is employe <1 feir inakinc enie-ibles, elishts, ceimlinslion 
tube's, plates, .md either article's. 

Tridymite. — Ti lelvrmte' (T.«or/io\, Ihree'lolel) is a svcond er>stallme 
form ol silica, elisce)\cied by (b \on Hath,” whie'h eieeurs in tiaclnii' 
and eithe r Neilcanie' rocks. It leirms h. x.'»ye)n.d jilalis which aie* combi- 
nalieins of jiiisms anel jiyraimds anei piob.iblv e)i Iheirhombic ; IVeepicntlv 
it IS feninel m tiillmirs or trijilels, wlieaice' its name' is elcrive'el. 'riiat 
liiet\ mile' has be e n leiimeelai Inch Icmpciafure' is slieiwn by Isarlilicial 
prodiu'lieai unele r Ihe'sc coneliliems. Inelceel (i. Hose* obse rve el the 
con\ e rsiein eif epiaitz inle) trielvmile' bv simple* icnilie)n, anil llrun found 
that epiart/ tjlass is converte'el into trieljimle* when he'.ile'd be-lwe'cn 
800'^ C'. anet 1000^ ('. m the* \ .ijionrs of idl’ali ('hlea'iel s 'rrietMiiile can 
be' coin e'liie'iilly prcjiaieel b\ liisine^^ sodium silicate with thre'i' time's 
its W’ciclit of sodium |)hos|)hati' for six hours at lOOO' (' extrai'linc 
with wate-r anel washmc The re'sidue' consists of imcrose'opic he-vaijonal 
tabli'ts of di'iisilv 2 mo. As sl-ited under epiart/, SOO ’ (\ is Hie* 
trarisition te’injie rat lire', be'low w'hich epiarlz is stable*, .abewc which 
liielMiiile' (^iiart/. -inel tiielvimtc are* both pol.Miieiie foims of Si()„ 
but Irielvrmte' has jirediably the simpler molecule' of the two, and so 
is more' stable* at Inch te'nipe'rat lire's 

The' de nsity of tiielynute' is 2 its hardiu'ss 7, its le-fiactivo 
index® /ep =- 1170, its mcltinc-pomt abenit lO'J.')'" (\ 

Cristobalite, another crysl.dime* modincatieai of silica di'sci ilu'el as 
pse'iido-cubic, may be* oblamcel by he-atinc poweli'i'e'd transparent silica 
frlass in a porcelain furnace*. It has a density ol 2 810, anel is ilis- 
tm<,nnshed from tiidymite' by becominc isotropic when heati'd for a 
short time at 250' 

Amorphous Silica. — .Amorphous sjlica occurs naturally as opal and 
hyalite. Ojial is colourless or variously coloure'd, has a \ ilreoiis fraclure, 

' llailow, J*ior PJuiskM Soc , 1011, 24, IJO 
- (liihiieJ anel Sliensteme*, J*rf>c Hotf Si>r , lOOt, 73, 201. 

3 Vein It.ilh, Poqq Annalvn^ 1808, 133, 507, 135, 427. 

* knhch anouf (lum , 1912, 76» 422. 

^ l(amiui'li.bt'rfi. Her., 1872, 5, 100(5 
® Mallard, 7iu// Soc min , 1890, 13, 1(51 
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a density of 2 2, and contains a proixnhon of water wlncli laiiLji's 
))(‘twc‘cn 2 and l.*{ pia* ecnl. TIick is no doiil)! that oj'.il is of .i 
colloidal naliiii*. .ind lias l)e< n joinad l)\ tlx diNiii" up ol l>i l.d ir,(>ii,s 
silica; loi an ainoiphoiis mass, piaclicalh idinlic.il willi opal can l)c 
jirodncid lioin tin* (M)ll<mlal 'alicic acal stpaiahd rioni ,ui alk.ili-silica 
solution l)\ si lonii acid ' Mon o\ i r. tlx silu i ous siiilu dt posit » d m tiu 
ncitrlibouihood oi iiol silicious s|)iin^s is a kind ol o|)al, and at Ploin- 
l).cn s, in Kranc(“, (»pal lias lx < n Idinad In ilx action ol uaTn on 
Uoinan cinuiit.'^ Piccaoiis, iridcsct nl opal lias Ik ( u loinud in tlx‘ 
cii\ dies of iiriicoiis locks 1)\ Ilx action oi hoi wal' i 

AiIiI'k'i.iI ainoi|)1xMis siIum is pn panel l>\ eh coni|)(>sini' siIk'oii 
tctracliloiidc \mIIi \\al(i oi an alkali sili<‘al< with acid. W lx n. foi 
c\am))l(‘, coiK'cnIratc (I In drocdiloi ic .icid is added to a scdulion of 
soluble irlass, ^^lucll is seKliuni nic lasilical' , \a..S)() “ kit iiioiis 

silica " oi me t.isilic 1C acad St |)aial( s Tlx mass is c.io lulK i\a|)oi.ilcd 
and i^milc d,and the silica is tlx n b\ n nih n d msethibli- b\ a pioccss of 
poKinciisation wliicli acc'ompanxs dclndiatioii Tlx nsidix* is tlxn 
tlii(( sic (1 with dibit'' In diochloric acid to disso|\ c o\idc of non or ol her 
im(xiii!\. as Well as sodium chloiidc. and tinalh uaslxd uilh ^\al(l, 
dried, and lumttd 

'I'liiis obi aim d. anioi phoiis silica is a uliilc , niobik pouch i oi density 
2 22 and inellmK-pcml I7a() I7M) (' When it is slioiiiflv heated 
lor some time the deiisilN },n*aduall\ rises ouiii" li> the ibimalion of 
Inch mite. 

Chemical Properties of Silica. Th< ddhnni foims oi silica dilTcr 
in clii lineal rcacinity. This is shown b\ hcatiiuf each \aii(l\, Imelv 
powdered, tvilh 1 percent In eliolluoiic acid loi an hour. I'nelei 
these conddmns , > 2 per cent eif Ilx epiait/ di^solscs. 20 .*{ per cent, 
ol' the tiid\nute, 2.> S pel cent oi I he c»islobahl( and .‘>2 0 pci cent, 

ol the amorphous silic.i * All kinds, houixci, .in iinohiblc m water 

and all aciils except hvdrollue)iic .iciel, which tennis silicon te lialluoiitle 
according' to llie re act ie»n : 

SiO, I UIF SiF, . 211,0 

If pine silica is mixed wi'h e xc ss of aejueous In diolhioric acid m 
a ))l.-ilinnm dish and ihe Ixpiid is exaponded. the te I i.itliioiide p.isse .s 
away witli tlie steam. Since, howevei, w.de r In ein»l\ sc s silicon tclra- 
llueiiide, d is nece ssai\ to .leiel ,i litth ceuice nl lal c d siilplimic acid to 
prexenl, ties action, and then Ihc whole iin\ be x.ipoiiscd without 

residue. Qnait/ ciyst.ds aie slowh etclxel b\ Indiolluoiic acid, 

tlieir different Jace s showing eblfere nl ch.iiaelc i ist le markinirs. Dried 
f(clalmous silica reacts with molten im t.iphosphoi ic acid to foim a 
silice;phos[)lioi’ic oxide, but silica dexs iie»l displai'e pheisphoiic eixide 
from a mela|)liosp}iale ; lienee parlie-les ol this substance lleiat in a 
bead of fused microcosmic salt. Amorpheuis silica dissoKes in solu- 
tions of caustic alkalis, winch, howexer, scarcely act on epiait/. Silica 
displaces carbem dioxide Inan sodium caibonate when it is fused with 
this salt, thereby forniuio a seilublc ijiass .\ e*onxi nient te'st for 
silica consists iii mtioduciiii; it iiilei a sodium caibonate' beacl on a le)op 

* li Hcjuigcfu.M, lupUKhulmn inlififullt \ imramn, IHSI, p 

^ A Dauhu’C', lluitrs ^ifitthelupun ife i/.'iA"/'*' > ^ lunmt nhile, iSj't p 189 

* iSfliwaty, Zuhth anonf ( In m , l!HJ 76 , IJ 2 

• * llauU'feuillc and Aliiigottcl, Comiil nml , 1883, 96 , lOaJ . 1 8s I, 99 , 789 
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of platinum wire. When sodium carbonate is fused alone it crystal- 
lises, and iKeoines opaepu* on cooling'; when silica is fused with it 
the bead on ecjolinjr appeals as a transparent jjlass. Hydrated amor- 
phous sdiea dissol\(‘s in alUali eaitionab solutions; tins faet aeeoimts 
for the appi‘aianet‘ of this sulislanee in s[)rin»^ watirs, and furnishes 
the iiKans bv uhieli sdie.i eirenlalis in n.ilnre 

Silica IS K dnecd when healt-d with jiolassnnn, calcniin or mafrnesiiim, 
foimin<r silicon and a nu lallie silieide .ind sometimes silic.ite ; it ajipi ais, 
moreover, lliat silicon mono\id(‘ is piodiieed when siIkm is la.ileil 
elect rieallv m an nual almos[)h( k with snllieicnt carbon or earboriindnin 
to remove halt' its owi^in.^ When silica is mi\ed with e.iibon and 
healed m livdroi((‘n sulphide, silicon disnl])hul( (q.v.) is formed. 

Th<‘ udiietion of silica l)\ bvdro^iMi at l.'JaO -lioo' C. has beeil 
shidu'd b\' von Wai tenb(‘r<r.“ 

Hydrates of Silica: the Silicic Acids. -It has already bt'en s(‘en 
that hydiated siIkm exists naturally as opal, and is I'ornK'd arlilicially 
by decomposing silicon telrachlori(ie with vvat<‘r, oi soliibh* ltImss willi 
hvilrochloric acid. 

'riieon I leally two vaiielas ot* nionosili(‘ie aeid are derivable Irom 
SiO.j • oi th(>silieic acid, Si(()H),, and me lasilieic aeid, Si()(()ll)j. 
That tiuse Mmpl(‘ fornnihe npKMnt actual chemical eomponiuls, 
however, cannot be atliriiK d, thoii'^h piodiiels closelv coi it spondinj' 
It) them in ctnnjxi^ilion ma\ be obl.iintd bv snilabh' iiu.uis 

Tims, it’ llu j^tlalinoiis product of tie' aetitm oT water on silicon 
tetiachloride is washed with lx n/.ene and drv elht r and then tpiielvly 
dried at almospheric Ic'inpt latiire, tht' aiixn'phoiis whit(‘ powdtr 
obtained eoirtsptmds closelv to the composition ol orlhosilicic aeid, 
IIjSiO,, but it rajadlv lost s water when It ft in tin air.’* 

A ])it)tluct ct)nes|x»ndm^ .ipprtiximatt Iv to the ftirmnla ILSiO^, 
and winch is theieftire eallt tl metasilieic aeid, isoblaiiud in the ftilltiwini' 
way. 

A dilute sohiLion of stduble jjflass or stxlnim metasilicate, X.ij.SiO.,, 
IS acithhetl withtlihile hv’drtiehltu’ie acid. Nt) precipitate is iornuthbut 
a form of siheic acid is prtseiil in the clear lupiid. 4 Ins lnpntl is then 
submittetl It) ditdv’sis. It is plaetd in a dialvser that is, a Hal drum 
with a bottom consi.sliii" of parchmt nt pajxT — which is tloatid on 
the surface of lunnm^ wat< r m a l.iri^e dish. PaiehmeiiL is a “ seiiii- 
jiermeable membrane ” thrtiuj^h wliich the small mtdeeules or it)iis of 
“ crvsl.dloids,” such as h> ilrochloiic acid and sodium chloride, can 
pass, but which the molt culcs of ctilloids,” ol which silicic aeitl is an 
example, are too lar^e to peneliate. Thus the stxlium chloinle and 
hv<lrochlt)ric acid are w’aslud away, and pure, dialvsed silicic acid 
remains. Pure atpieous silicic acid may also be convenient Iv tdilainul 
by biiiii^ini^ silicon tetrad iloridc v'a]X)ur into water lhit)ui,di mercury 
and dialysinj' the solution.'* Such an atpietiiis colltiid is eallt tl a hy- 
drosol” or “sol”: it is not a true solution, but a susjiension of nltra- 
nncroscopic particles.® It, how'ever, possi'sses a faintly acid reaction, 
and thf’refore contains some silicic acid in true solution. Accordnij^ 

1 1) n r. No is!)s:w 

- Voii WaitonlxMi;, Ztihdi (tnoyq Clirni , 1012, 79 , 71 

' N<»it<jn anti Rotli, ./ Anuj ('hvm Sot , 1SJ)7, 19 , 832 

* KIjIit anti JtVlinci. Her, I'lll. 44, IDlo 

5 Foi .1 furllioi (liscimmon ol llu- piopeitius of colloitls, the larj^o anti growing literature 
of the subject must be coiisiillrd 
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to Ebler^ the spccifio con(lii(*li\ ilv (jf a soliilioii of silicic acid oblaiiicd 
from ‘to <»ranis of silusai b I laclilinulc and ‘JObl) c.c. of wah r is 
Kjs'’ — 1'7 afbr di.il\siii<i foi l\\inl\ -two d.iNs. Aiimons 

silicic acid is colouiliS', . 111(1 iashliss, .ind in.i\ he conci nl i.iti d liy 
hoilinjjf indil il reaclies a sIk ii^lii of 1 |. j)i i e( iil 1( is iiicIiik d. ho\\( \ cr, 
to ^^el.itiiiise diinnij e\ apor.il loiK .nid ulun llic coiiceiil lalul li(jiiid 
stands for a fiu' d.i\s liu wlioh is coiniihil iiilo a Iranspaienl .jelly, 
llic h} dioLli 1 " or 'riius the Iwdiosol and llie hydroj^el arc 

two foinis of tiu same prodnel, the loiiiur hi iiilj eoiiMilid inlo the 
latter hy calah he ai^iails. 'I'Ih* slinelnu* oi siheie acid '* i^el h.is heeii 
chiciilated !)v y-sn^miondy - Il siims as a muhiiin in which cerlain 
inor^riinic salts may he ciyslalliscd 

If the sol of silicic acid i \ apoiali s o\ ei siilphiii le acid at almosphei ic 
tcmpeiatiire in a \ .icnnm, a li.inspaii nl i,dass n mams w Inch (‘oin sponds 
very nearly to llu* foinmla ILSiO, , and a jiiodnel of similar composi- 
tion IS ohlained In w.i^hm.ir juieipilahd “udalmoiis silica” with 
90 jier cud. alcohol. ‘ 

Neveilheliss it cannot hi‘ said (lid delimli eompoimds coric- 
spondin^ to IIk foinmla* IIiSiO, .md lI SiO, i \isl Since silicic acid 
is colloidal ils mohenhs mnsl hi* lai^< .md Iht loimiila* ;aSi()^ 2aIU() 
and mSiO, nll.Ji). wheu* ni .md n ait api-io amali 1\ ujiia!. lai’i^i* 
nliolc iimnhers moie niaiK npnsinl Iht lai U 'rseln i m.dv/* uho 
has sludu*d the \elocilus ol di IimIi.iIioii ol silit le .leiiU dtined from 
\arioiis min(*rals, has shown lhal tie cm\es mdiealmi^ Ihisc \ i.*lociti(‘S 
chaiii^e ahriiplly m dirt clion al ci i l.im composd itms , this, il is claiiiu d, 
indicalt*s the ( Msleiice of di limit Indialtsol *ili(.i IJusnl ristaich, 
howt*\ i r, 1i«is Ihiown doiihl on Iht i xish net ol ,m\ dilmitt Indralc 
of silica.** Ihdialid silic.i jui forms I hi fimehoiis of a \ir\ weak 
acid. Its only solnhle sails .in (hose ol llie altali metals, and Ihest* 
are hydrohstd in aijiitoU') sohilion mio .dkah htdioxidt <> .md colloidal 
silicic acid: this i^ pnnul In th h imm.dioii ol lie In i /im^-pomls and 
(*lcclric coiidnein lilt s ol llu* st>lnhons’ IhilitiK^is of (he silicates 
M 2 S 1 OJ and MIlSiO^ aeeordmi^ lo lie* schemes 
M.S 1 O., d-lI,()7:2M -! ‘JOir H- 
MilSiOj H I!/) 7^ M 1 Oil' I 

is practically comphle at a dihilion of l.S hi its, whil*.l '.ilic.ilis ol the 
tyj)(* M.iSi^Oii net d lo he thlnlid lo 1‘J.S hlits loi complete In tlrtilysis. 
It may he conchitli*tl Irtnn this th.it m n.iliir.il wall r. eonlamm^r .dkali 
silicate m \ery tlilulc solution the silicic acid is :ilwa\s pnstnl in the 
free, colloidal state. 

Vt*ry W’cak at*itls form ;immonium salts wilh dillieiilly, anti silicic 
acid shares with sl.'inmc and a h w' otlnr ati'ls tie* mahilily lo lorm an 
ammonium salt. Hence whin an .unmonium s.dl is adilul to sotlnnn 
silicati* solution m latmous silicic acid is at once [in cipil.dt d. 

‘ KI.Ut anti i*Vllnt r. , I'U I, I'M , 

‘ Zsicnnintlt . 7jnhrh in, )i'i ( /,• in . IIMI.'/I, .‘tlf) 

“ H!^t•^thlk, Zf/ZAr// t HI hill kdllnif^i l!MJ, 10 , 77 

* Knluicanu, ,l//w. ,^'ii I iin i, .ll'I 

“ Tsi’InTmak, Ziiinrh phu'^ihil (’hem 190.'*, 5 J, ('In in (’mh , lyOG, n, .^52, 

Zcihth unonj Chnn l‘»U«l, 6j, LMO , 111 I U, 66, 111!) 

® Mijgyt', Ccnlr Miii , l') 0 H, 121 ), \!in Hfjninoli-n, ZuZ-m/i foet/t/ ('hnn , l!>08. 59 , 
225 ; lx* (’hatolior, dunijit. irml , I'laS, 147 , 6(i0 

’ KohltaiiMli, ZcUhIi }ihif'siljil Chem , ISU.'l, 12 , 77^, Kiihlciil.tMy and Liiiculti, 
J. physical Chem., 18U8, 2 , 77. 
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TIk* hrats of r(‘adioii ofsilidc* acid with different anioiinls of sodium 
hydioxidi' ha\e been ineasund l)\ TJionisen.* These are \eiy small, 
as IS consistent wilh llu* wtakness of the acid and its very iinperb'ct 
read ion wilh I la* b.isi 'l'h(‘ followin*,^ is otu* of the values oblaiiu'd 
by 'rh()ins( n al IS ‘20 (’ , llie dihilion lumif wiili ‘200 inohciiles of 
waler • 

IIoSiO., I ‘2\a()ll -NagSiO., ^ ‘2IL() f- 5‘2a0 calories. 

Th( ( (inihl)i Him belwein e.irbon dioxidi and silica when competiiif? 
for I be same bas(‘ as m the reaction 

M.SiO^ -1 COo 7"- M.COa -f SiO, 

has Ixeii si lulled bv \on Wittoif,- who lualed alkali carbonabs with 
silica to tempe raliiKs lanj^in^ bctweeai SOO (’ and ISOO ' (' m an 
atmosphere of carlxm dioxide*, the pressure* of \\)iie*h was reijiii.deel 
betw'ee n 0 07 anel I '0 almos[)he re*. It was found 111. d llu jiowei [lossessed 
by sihe*a to e‘\pel carbon dieixide* increase'll with ti'injieial in e*, but 
that the* elireclion of (lu* ie*aclie)n el< pe*nele‘d iijion whellu'r the* piessiin 
of the siipe imenmbe id caibon dioxiele w'as mer< .ism^ or eh ere asmj^. 
The* pieipoilmn ed caibonale* pie sent under similar conditions of 
te'inpeiatiire anel juessme* men used with use* of atomic wei^dit m the 
series Li.^C().i, N.id'O,, Kd’Oj, Ub^CO,, t's/'(),j. 

Tlu'se* conclusions aie* m acceiiel with the* prme*i|)les of chemical 
dynamics; C'O^, ceinsuh're el as a nieih ciih*, no eloiibt has .i ^ne-ate*!* 
allinitN for base*s than SiO^, but the* i,n’( at dilU ie ue*e in |>h) sie*al jireipe it U's 
bdwe'e n the se I we) substance s mexliiie s the* mllue nee* ol e*henucal .illmitv. 
Thus, whilst sih(‘a elispkie** s caibon elie)\ide* Iron) a caibouab at lii^di 
tcmpe’i.diire, e'speciallv if the* expe*lleel carbein elioxieh* is .diowed to 
csca])e l‘ie*elv, be'caiise* the* latter is Nolalih whilst the Ibiiuer is not, 
carbeimc acid displace*s silicic ae*iel fiom aepu'ous solutions of its salts, 
not only on acceiuiit of supe*iie)r allimlv, but because* ol the* insolubility 
of the* lalle*r. These* cenisieleiat leiiis ha\ e* a teiresliial sie,milie*.ine‘e. 
Thus the* ij'iu'enis leicks contain .silicates rather th.m carbeaiates; for 
if almosphe-ric carbeiii dieixide* was ])iese‘nl whe*n the‘\ W'e're* tbrmed, 
it coulel ne)t succe*ssfullv ceunpete* with silic.i at the* temperature* of 
their fe)rm.die)n. Since*, howe\e*r, the* ce)e)hni^^ ed’ these* rocks anel the* 
advent of w'ate*r on our ^lobe*, atnmsphe rie* caibeiu eluixiele* has been 
pi'i’petuallv dismte*«fratni;j[ natural sdicate*s, seltimr free siliea, and 
formm^^ caibonates instead. 

'J'lIE SlidC.VrES 

It has been .se*e*n that silie-a is the anh\dride of a ve'iy te e ble acid, 
silicic acid, which is suppose*d to e*xist m the eu'tho- anel met.i- forms, 
Si(01I)4 and Si()(()II )2 re*specli\ e ly ; but that the* acids actually 
obtainable* approximate rather than actually conlbrm to the*se* simple 
tvpes, because* the che*mical imiem between silica and wate r is eif such 
a fe*ci)le and complex characle*r as appare*nllv to l.iek deliniLe ne'ss. 
The silicates are. howu'Mr, more* delimte in ceimposilion than the .icid 
itself, Lhoui^h only in the case of a fmv eirjramc silicates aic the ir mole- 
cular WTij,dits kneiwn. The*se*, howe ver, are* of the* utmost importance 

^ Thomsfn, The? mm hemisrhc Untfrmrhuinjni, 1900, p. 64. 

“ Watort, Zet/At/e ationj Chem , 1904,39, 187 
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because they alone Ihrow any certnin lij^ht upon Ihe coustituUon of 
silicates in j^em ial. 

Thus the existence of eth\I orllu)silie.d( , ^^llose inoleeiiLu rornuila 
is Si(OC’ 2 ll 5 ) 4 , to a cert. MM (‘xlc'iit pi'-lilns I lie lormula 

() () 

'\sr 

NK '() 

for the iniiu'ral olixine whose (iripineal eoinposil ion is 2 Mir().Si()„ 
whilst elhvl ineLisilieale, Si()((K\il.J^, lepiiMitls n l\pe io whieli 
belonjrs a el.iss of ii.iliinil silieales ol which woll.isloinie, CaSiOj, is 
an example. 

The prepiiiahoM 1 )\ Kippiiij^ ‘ of tlu* oi^.ino silieie .u-ids 

SiPh 2 ( 01 I) 2 , IK) SiPh' O SiPh, Oil and IK) SiPh , 0 SilMi. O SiPho OlI, 
as w’ell as the e\ehe anh\ dudes . 

/SiPheO ^iPh.OSiKh. 

0 ( ' SiPh^ and () ^ “ >0 (Ph - C'hIIs), 

XSiPh^O^ ''SiPli.OSilMi^ 

affords \ aliiahle luronualion as to (h« piohahh' sli iielnre of tlie eomph'X 
mineral silieales, and snuLftsls lla w.iv in whieh silicic acids inaN con- 
dense to pioiliic(‘ silica, which nia\ I Inis he a I'oinph \ ini\l iin* ol'dilha’cnl 
polymers. Xo clos« d chain eonipoiind has \ <l lx ( n ohiaiiiid, liowev(‘r, 
containing in ils molecule mon ihan lour aloms of silicon and four 
of oxyj»cn.“ 

IhiN m^ n «^aid to Ihe wtiv in w Inch nal m.d ^iIm ah s lia\ i‘ ei \ stallisi'd 
from mohen m.nrm.is, M* luh Im 11 Ims likdiui linn lormalion, win Hut 
produced natnially, as loi ( \amj)i< in ijiaiiih s .md lavas, or arl iruMally, 
as in shu^s and j^dassi s, lo I hal allo\ s. Irom w Inch d» (inih eom[)oiinds 
of Ihc eonsliluinl melals ci\s|,dh‘.i 

Th<‘ uirliest ehissilieal ion ol llu iiaim.d sdieahs, llial ol Ih r/,elms, 
was pnielv empiiical, and w.is ii|)on a diiali>.lic basis. Ih coirmsinif that 
silicates arc eompoiiiuls of silica wilh oilier o\id( s moie ot less basic, 
]J(T/(‘hns empIoNcd Ihe oxmh n lalio as a naans ol elassilu-al ion. An 
example will maki llns clear 

K.,Si(), 2 lK) . SiO, ow^Tfii ralm is I . I 
KisiO. IK)- Si()“ ‘ ,12 

n.Si,()., 2 IK) :JSi()“ . l::i 

This method is nol salislaeloi v, since d si|)aiahs silicates that are 
natiirallv allied. Pen- example*, albilc and aneallnle* aie* isomorphoiis 
felspars, but Iluv aie separated m Kei/elms’s s\slem, I Inis- 

Albite - XaAkSi ,()„ ea X.i^f). ALO, (JSiO.^ oxyireii rat m -- 1 : 3 
Aiiorthite = ( aALSi^O,, or CaO. Al^O , 2Si(), ,, ,, 1:1 

This raises the* epie-stieui w he I her <»r iieil .dninnia slienilel be* leirnnle'd 
as basic in such silicates a epieslieui whieli will be de'.ill with later. 

A iiieire niode*in melhoel ed’ classilie at leai consists iii leirimilalin^ a 
number of Inpolhctieal sihe*ic acids arul ai raiiiriiii^ the iiatniai silicates 
in erroups aceordiu" tei Hum* l\pes. In tins wav a laie^e* ininibeu of 
silicates can be broiif^ht teierctlu r nude r a te w’ types 

^ Kipping, Trtnit Clinn , lt) 12 , loi, 2 l(lS ‘JIJ i 
* MfiieiR anel Kij)})Uig, Tranf> t'h(ut Sot , 1111 107, laft 
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The following are these types, with a few examples of each : 
Monosilica’j Ls 


L Ortlmiln'ic acid Type, 1148104 or 81(011)4. 


OliMtie. 

W ill( niitc 
Aiioitliilo 
(hiriiet . 

II. Metasilide acid Type, II281O3 
Wollasloiiite . 
L(iu‘il(‘ 

Knstatile 
Heryl . 

1)1S1IJCAT1':S 


M«r,SiO,. 
ZiioSiO 
( aAl .(8iO,)^. 
CiijAijthiOjj. 
or SiO(()ll)j. 
t'iiSiO,. 
KAKSiO,),. 

(;i,Ah(S,03)„. 


III. OitIwdisiUcic acid Type. 11^81207 or {IIO),Si — O Si(OII);,. 

Harysilil(‘ . . J*l).,Sij,07. 

l\\ Mciadisdicu) acid Type. i^Si^Oj or llOOSi --() -SiOOlI. 
Titaiiile . CaSri’iO.. 

I’chilile. . LiAI(8i205)2' 

Tiusilicvtks 


V. (hlholrLsilicu) acid Type, llf^SijOip or 

( I lO) ,81- 0-81(011)2- O— 8i(OII) j. 


Mehhdi 

VI. Trisilicic acid Type, 1148130^ or (110)281 


^(K xy 


Orlhoclase . KAlSi jO^. 

Allale . . . NaAlSi/lg. 


A lar^re nunilKT of natuial silieates eaii he inelndc'd in I he above 
classes, and so far th(‘ system seems salislaetory. Then* an*, however, 
some impoilant silieates that aj)p(‘ar not to eonloim to any of these 
types, prominent amon<f whieh are evanitc and andalnsite, both of 
which ])ossess the com[K)sition AI281O., and kaolinilc*, or china clay, 
which is II4AI2812O9, to which serpentine, ll^Mjrj^Sn^Oq, corresponds. 

It is usual, however, to consider cyanite a basic nietasilicate anJ 
andalnsite a basic orthosilieate, thus : 

0=A1— Ov 

Cyanite . (A10)2SiO., or ^Si=0 

O-Al— 0/ 

Andalnsite . Al(A10)Si04 or 0=A1— 0— 8i( O )A1 ; 

\)/ 


whilst kaolimte and serpentine are hydrated forms of orthodisilicates, 
ALSi ^07.21120 and Mjj; ,81207.21120 res])<eli\elv. AlgSiOj has been 
jm pared artilieially by 8hepherd, Rankin, and Wri^dit,^ but il is idi iilical 
with the mineral siliimaniLe, into wliieli andalnsite and eyanile are 
slowly transfoinied A\hen they are heaticl abo\e lUOO" C. 

The micas are, moreover, an impoilant class of natural silicates 
which appear not to come within any of the above catefjories. They 

^ Shq)h(T(l, Rankin, and WriRhl, Anier J Set, 11109, (ivj, 28, 29.'1 
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are regarded liy F. \V Clnike ^ as (leii\ali\i’s, or iscanorplioiis niixliires 
of d(Ti\ali\cs, of the aliitniiiiiiiu silicalcs AI,(Si(),), aiul Al ,(Si.,()^);,, 
and llierelore as bcloinrmir (o du oilli<»silicie oi liisilicu* Upi Mmsc() 
vit(‘, for cxainpb*, n liieli oecm s in gi.niih . i ! i \l ,(.Si( ) ,) , Tsclu'nnak, 
h(>\V(‘V(*r, sMj>p()s(*s (lie iiiKM , li) coiiasl ol II plidiis nn\liir(‘s of 

three ty})es of inohcaiks s\ miiolisi d nspicln<l\ 1 »\ K. M and S 
thus : 

K - II ,K VI ,(Si() p , (inn-et)\ lie, 

S - II.Si./),, 

It ^mII he r)hsc‘r\ed ilial S mhixliiets an a<ldilional h p( ol silieie-aeid 
nioleenle. 

'IMiese eonsideiahons snlliec lo show lli.d IIk t-l.is^i(ie.i| ion of Ihe 
natnial sdie<des Is a ni.d 1 < r of Lfi< al eonipk \il \ .ind lli.il lo n fei Ihein 
to a f » u Ivpis of h\ pol liel leal siIick* aeaU eon>liiiel(d (t ptioii on 
lluontieal gionnds is nol to ,'e((Mini loi ihiin MunpN (i Iv I'iSpi’eially 
IS il lo he nohd lhal 1 his ehtniie.il c lassilh .il len i, nol llu* kind of 
elassilie.il ion which would hi <‘\ol\t<l h\ .1 mint i.iIoljisI who look 
aceonni of n 4 dinal n lal lonsinps II h.i'^ ;di'.id\ hei n pointid out 
ihat elassilK’alion h^ o\\ ir(‘n ralio sc p.n.ih s .dli h .ind .11101 Hide, wliieli 
ar(‘ nalnrallN .lilnd : cIk inical elassilieal ion .lemidinif lo I \ pi's of silicic 
acid also sepai.ihs them Claiki, h\ elassilN iier n.ihiial silicates as 
dernalives of A 1 ,(Si()^)j. gi\( s Ha follow ini: loinml;e 

lame i^aiiiel A 1 ,('a .(’siO,) , 

Anoillxile Ah'C.i .uSiOp, 

• Mhile VI \a.(M.() ’), 

hilt this arriingemenl h-m^s logitlai imiik I and anorlhde, w'hieh are 
dissimilar, and slill si'paiahs .inorlhih and alhih' which .aie similar 
111 phvsical propi 1 la s 

According to Ihe s\slem ol (iohlsehmidi, silieal 1 ni.i\ hi' di'nMd 
from jiolxmc'iisid siIkm molicniis such .as Si, 0 ,, 01 S4()j,, hy tlie 
rcplaceiiienl of silicon aloms h\ upin.dinl ni< l.ilhc or other atoms 
Thus these Ihrei' sihc.des aie fnimiil.de d 

.Si { .1 .( ( 'a VI ), 

(M ,Si (Si )(),.) 

Si, iCi VI 

Si,. i.\,i VIj 
[SijSijjt ),,J , 

and the system has Ihe ni( rd ol classd\ mg anoilhde and alhite logethei 
and separating them from garni t 

The naliiial silicales may now' Ijc considi nd Iroin .moflier |)omt of 
view. It will lia\c heeii ohsiiwid lhal a l.argi immher ol' tin m coidain 
alumina, an amplioliric o\id( possessing dislmellv .aeidie properties 
w'hicli are sliowii m the iMshnce ol .ihinmi.des, ol whieh lie* spinels, 
e.g. MgAh^Oj, are nainral i \.im|)!es 'thus ahiimna ajipio.ielus silica 
m eluanieal propi'rlies, wdh which mdei d m Ihe eiNslallini form, it is 
isonior[)hous. ( onseipn nll\ d c.iimot lie .icemati to reg.iiil alinnina 
as entirely a basic oxide in Ihe ;diiminoiis sdicafc s , inni so several other 
* Cl.itlvi', J//e/ •/ Co is.s',), |miJ, jb, .JSl 


Liiiu g.irin I 
I Anoi Ihile 
i Alhde 
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points of view present themselves,^ which can be stat(‘cl in the form 

of thrc(‘ distinct theories : 

(1) Thf‘ alununons silieates are of tlie nature of double salts analoiTOUS 
to the alums, aluminium silicate and a silieah* of a slronner base Ilian 
alumina bi'in^ united toirether bv a kind of residual allinit> whose 
streiifrlh depi'iids upon the difference in basic jiow'er beLwci'ii alumina 
and the other metallic oxide, pist as the union of sulphates in the 
alums dejiends upon such a difh reiiee. 

(ii) The aluminous silicates are isoniorjdioiis mixtures of silicates 
and aluimnates. 

(in) The aluminous sihe.ites ar(“ salts of strongly basic radicles 
with conijilex sihco-aluminie acids, w’hich are analoi;ous to I hi' comph'X 
acids formed by molybdenum ami tun<rsten — such as, for example, the 
silicomolybdatc - 

2lt,O.Si()2.12Mo(),.a(i. 

It IS doubtful, how'eviT, wIicHkt alumina forms complex acids an.iloijous 
to thos(‘ of th(‘ trioxides of the sixth ^u'oup ; ratln'r will it lake the 
place of silica itself m such a compound as the above. Niw ( 1 1 Ik k ss 
various attempts have Iks n mad(‘ to expnss the eonstitulioii of tlu* 
aluminous silicates on tin* assumption that ihiy an* individual com- 
pounds and not isomorphoiis mixtiiies. ()rthoclas(‘ fdspar. |)eihaps 
the most impoit.mt of tlies(‘ comjiounds, will servi' as an exainph'. 

TselKTiuak ^ writes the formula for orlhoclas(‘ thus : 


K20.Al,a3(Si()2)4.(Si(),)2, 


and constiliitionallv : 


0 (L 

o- Sr. Si; ;ai--(\ 

N)' Nk \ (X ()k: 

<) ,(). // S(K \()K 

(> Si Si ' M- ()/ 

() ()/ 


whilst P. Ciroth.^ adopliii'T the simplest empirical formula, r(‘prcsenls 
the silicic acid to Ik entiivlv m the meta- form, thus : 


/^\ 

()L=Si< >A1— 0 -Si— ()- Si— OK. 

A A 


Clarke, m aeeordaiice with Ills theory that aluminous silicates are 
derivatives of aluminium silicates, formulates felspar thus : 

4Si.,()si K 3 

.VI ISi.OJ A1 
-Vh 


^ Tif/r W .nnd I> .\snh the SilitaU (.IuIkh Sponsor, Boilin, 1911), foi nn rvh.iuslivo 
treat mnit <;f tlu' siiNjcrt 

“ \V llMll 

'' Tdchconak, Mtiuynl MitUil ^ 1871, 2 IJrft 

• r. ijiHi\.\i,Tu\nllm}iichc ('‘iKrtuht il Mnumhin, iv Aufl , S 129, Braiirmchwcig, 1898. 
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and VcrnadskyA consuk unj; iliis silicsiti* lo Ix' llu- polMssiutii sail ol’ 
thr c<nii|>U“X silico-ahiniinic acid 1U() VI^O jdk^iOa, iLs slnic- 

tural I'onnula thus : 


OK 


/\ 




o o 



A) 

0 

1 1 

O 

o 

Si 


Si Si 

Si 


0 

0 

1 1 
o o 

'() 

o 



Al 

1 





1 

OK 


* 


O 


C'Kiv, nioiTovcr, is Ix'Iicn (‘d 1)\ Ixh'w in he .ui .iiili\ drosilico-aliiiiimic 
acid, llius - • 

() 

A1 .Si .(L 211.0 0|.Si(0ll,r \l OllJ.,. 

' () 


Th(‘ siibycl IS earned nnicli ruilla'r in (Ik hcA'ilc-pcntitc themy nl 
W. and I). Ascii 

Accoidnii^ b) llns Micoiv silica and aluiunia fnim c“lns( d chains 
conlannnu (i e)r 5 aloins nl’ silicnn oi alnnnmniM all< i ii.ih d wil li oxy^a'ii 
alonis, 'I’hc Indr.ibd lorins ol* silica aii<l alinnnia Ik \i 1(‘ an*: 


Si M on 


/ 

\ 




o' 

() 


o 

o 

/ 

\ 



\ 

(110),= -Si 

1 

Si (om. 

1 

no 

m' 

1 

Al on 

1 

1 

0 

1 

0 

1 


1 

0 

1 

1 

o 

1 

(no),-s. 

1 

Si--- (Oil). 

no 

I 

w 

1 

Al Oil 

\ 

/ 



/ 

o 

o 


o 

o 


\ / ' / 

\si' Ai on 

. II 

(Oil), 


^ Vorn.'id'.lvv , Zntsih Mtn , IHOI. 01 • # 

2 Loow, r/ibw Zintf , l‘ni.|i\| rjs, lu.m lat’flir fnhih , ^6, 101 
® W. and I> Asi’li loc til 
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to which there correspond the anhydrides : 

() 


0 

O 


/ 

() 

/ 

/ 

Si 

I 

0 

I 

Si 

\ 

o 



\ 

Si- 


(> 


Si 

/ 

() 


\ / 

Si 


0 


O 

() 


nnd 


A1 


/ 

O 

/ 

A1 




\/ 

Al 


\ 

O 


O 

1, 

, o 

Al 


Th(' hv(lioh(‘\ilcs ;»i( r(presenl(‘d nioie hiK lh' thus 






lU 

11 “ 


II 


(110),--- 

A.. 

(Oil), 

n. 

li 

/\. 

1 1 

11, 

II 

/\ 

1 



1 Si 


or 

1 Si 1 

01 

1 


(110), - 

\/ 

11 

(Oil), 


'Sr 

II. 

1 

■y 



(OH)> 



ii. 


II 



on 

1 



n 

1 


1 


110 


on 

n 

1 

\ 

-II 

1 


and 

■ Al 


or 

Al 

or 

Al 


no 

■ \/ 

1 

on 

n 


-n 

\/ 

1 

— 


on 



1 

n 


1 



Similarly the silieii and ahiimna pentites are, in their abbreviated 
form : 





whilst the hexite and pentite symbols in their briefest form are: 


K \ — — 

Si, Al and Si. Al respect i\ ely. 


Tlie fiindanii'iital assumption of tlie theory of W. and 1). Asch is tJiat 
all the natural silicates contain ten- or twelve-membered rin^^s of alternate 
silicon or aluminium and oxygen atoms, and by means of this theory 
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8ir.O.,iA403.12.S.O, , A1 ^ S. j .S, A1 - s', s.-A,, * 




iori2().nAi/)„.i2SiOo - Si \i \j ^ ^ 

^ ■ J j ^ nysi \i Ai-si) 

Y 


SIIjO OAI/)., loSiO. 


■''I \l VI Si 

il \Y\/ il 

I I 


li;'„(s'i Al Al-S^i) 


]21l20.;JAIj03.1sSiO, 


M Al 


\ 


115 , Al, 

' A 

Si 


K.,„||„ _ on., A,ui,o, 

Alliitc- = 3NU3O.3AI3O3.ISS1O, 



"Zf ' ' n.K?». A, A, 

.■Imlci., ,1.™ m',',rrliw„5;:"i; '•< M,,- „,.,i 

. • Zeohti . ''I''-'™' F-™"™ i*g< 
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by fusion with excess of alkali carbonate. Hydrosilicates intumcscc 
when heated bi'fore the blowpipe, with loss of w'ater, and an' decom- 
posed by coneenlrated hydroehloric acid with separation of gelatinous 
silica. Their hardness (;V.5 to a) is considerably l(‘ss than that of the 
anliydrosihcates (t-S to 7), and this, to^,^‘lher with their greater reac- 
tivity, shows tlu'in to have a molecular texture less dense than that 
of the an hydros! heat (‘s. 

Many exainjih s of anliydrosihcates have alreadv bi eii j^iv'en ; a 
few typical hydrosilieales are : 

Natrolite . II ,Xa_j \LSi . rhombic 

Chabazite . lI^C.iALSi . rhombohedral 

Phillipsite . II./ aALSi,-()j5 1-1120 . Tnonoelinie 

Stilbile . II j( aAlgSi/)^^..*^!^!) . monoeliiiie. 

The const ]| 111 ion of nuuK loiis natural silica I es has bi'i'ii invest i^Mted 
by Tschermak ^ m the followmjr maniu r : 'I’lie powdered silie.ite was 
decom|)os(‘d b\ proloiii'ed digestion with eonei nliatc'd liydroehloric 
acid at a temtx raliin' approaelim*' ()()’ C. ; tlie libeialed silieie acid 
W'as tliorouijhlv uaslud, and tluii allowed to diy slowlv m the air. 
The rate at wliieh loss ol weight pioecedid was found to elianjrc at a 
certain point wlueh was In la ved to indieab' tiansilion from aipa'ous 
ev’aporaliou to deliydralion : and the eom])osilion of tla* silicic acid 
at this })oint was siipjiosed to eornspond to that of llu' nuiaral which 
W’as a salt of the acid. Thus, for (‘\ample, whilst IIk* ]i\drolysis of 
silicon telraelilonde yielded orlhosilieie acid, lI,Si(),, of dcnsitv l-.)7C, 
the same acid was obtained from nalrolile, N^uHiAKSi j(),o, and fiom 
dioplase, ll2CuSi(),, which an* conseipient Iv ort hosiheales. Ilemi- 
morphite, IPZuSiOr,, also, m sjati* of its ('inpirieal formula, is sliown 
to be an orlhosilieate b\ this na'lliod; wlulsl aiiortliib', ('a;Vl2Si20n, 
yields melasilieic acid, ILSiO, ((hnsity 1 Si;j), and leueili'. KAIS^O,}, 
Il4Si.2()p,, or “ leiicPe " acid, a jiolvnur of na lasilieie acid, ol density 
l-HOO. “ (iariK'l "acid. II ,.'si.,0^. has tli(‘ disisity and “ albiti* ”aeid, 
II2S12O7, the ileiisitv ‘2 ()l-*b Tlu' diileniit acids an' distint,nuslied by 
their behaviour towards methv leiie blue. Tlu' conclusions of Tsehermak 
hav’c larii adversely crilieisid bv 

The preparation of arlilicial silicates, corresponding to the natural 
minerals, bv fusinj' toi^^'lher their constituents is a nu'ihod of study 
which has been ])ursued by Vo^t,® and by Doe Her and his pirpils. 

Veijrl applie s the' ])rineiple's of physical elumistry to the eryslallisa- 
lion e)f silicate's frean fiise-d mai,nnas, and esjieeially the eeuielusieais 
of Roozebeieim eeinee'ruiiiff the seilielifv in^-jieants eif mixe-el crystals, (’eai- 
sc'epie ntly he be-lie v e's Hint the identity of the: silicate's is pre se-rve el in the 
fused stale', and that I heir molecular we'iL,dits maybe' (leteTinme'el from 
the depre ssmii of (he* fre i'/iiijr-points of the meilten ma^unas. DeH lte r,"* 
on the' other hand, whe) has de'terinine'd the nu'llin^r-poinls of a larj^e 
number eif silicate's, regards them as hii^hlv dissociated in the' hepnd 
state, anel disst'iits from some of Voigt’s eeinclusions. 

^ 'rsclici 111 ik, Ziihf/i plnt'ydnl ('him , IJin"), 53, lUl) 

* Tf ;<a Mni , I'MIS 129, ‘IJ.l , aUo LolK'rh'fT, /rif-ir/i ununj Clum, Hill, 
70, :toi ” 

® Vo^l. Jhi Slid ftf\i hmi'l-lo'iinii/i n, Cliiisti.ini.i, ItlO.'J , ThoIiim riifik, Mim mloyHiCJie 
MtUfiluiiifrti, l()ai»,'24, l .‘{7 , and HMJ 7 , 25, ildl 

* Dooltcr, Sitzungsbct K. Akad IIW. It icw, 1904, 113, tij» 1^7 
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A uuinhiT of “ hydrollu vnul " siIkmIi s ha\r bu n pn pared l)v Panr 
and licckc ^ hy lie.dini,^ ainorphoiis sihc.-i, alnmnia. and Imic w dli simIiiiiu 
or pot.issiiini li\<lr«»\id< Jo ;>.)() loO C in <i I r\lind(i <*los( d willi 
a stt'i'l screw. 'I'lu Ibliou mi; .iri .minm; llu ‘ miin i.ds ” s«i obl.nmd: 
(piart/, opal, orlho(‘las( . albilc , olii;o(‘l,is( , and liiisih , nMiseo\ ile 

F('W delmilelv (*i*\ sLillised arliliei.il silie.ihs » Mst. and 'luse .ire 
eonlined (o lla* alkali nu L.ils 

Sodium Metasilicate may b<' obt.ained 1)\ moeiil.itniL; ils sironirlv 
alkaline soliilion wifli tin solid s.ill. .ind wIkii i . er\ sI .illisc d Iroin 
warm 2 8 pir ('(‘iil solnlion »)l so<lmni li\(lro\id( \iil(U rliombie 
ciyslals lia\ ini; IIk* eonipoNilion \.i jSiO . !)1 1 .( ). 'I'Ik se er\ si.ds mell .it 
'18'^ C., and slowl\ lose si\ inoli eiili s ol w.ihr wliui k' j>l o\ < r siilplmrie 
arid, 'rile trili\dr.de N,i ,Si() , .‘ilUO llnis obl.nind \Mlds lla li< \.i- 
hydrale \.i >iO, Oll.^O win n allowc d lo sl.iiid o\ t i ‘J."> pi r ei nl. sodmni 
h\dro\ide solnlion llii;li limpii,ilni« is hm'iss.mn lor (In eompU li* 
d< li\ dr.ilion of llu* sail.- 

'i'he jKpK oils solnlion of lliis s.ill isslroiii;l\ .dk.ilme, ;md is believa*d 
to have Ixen liNilrolvsed aeeonlini; lo (li n.ielion ' 

2\a,Si(). ! 11,0 .N.i.s.O, I ‘JN.iOII 

A dilnle aqueous solution of sodiiini silieale m.i\ lx lili.did uilh 
dicmoim.il acid .is if it win sodiinn h\dio\id( wlnn iikMinI or.imre 
]s usi‘d as mdiealoi 

III eoinnu KM. d sodium silieab* the i.d io b\ \\( i-pil of silie.i lo soda 
may bc' as hi,i;h as 8 to I W'lit n I lx piopoilmn ol silie.i is l.ii^i* I he 
silicate dissoh es onl\ \ii\ mipiihell\ in mneli w.ib i 

SILICON \\\ DIMDK.S 

Several compounds < \isl conl.immi; moo llim one siliion .liom 
combined w it li bolhowijin and livilromn I In IIiim wIiom (onijiosi- 
tions .ire delinilelv known are • 

Silieojbrmie anli\ di idi 1 1 jt ) j 

Silieo-o\alic aiad II..Si,0, 

Silieonu s-o\alic aiMil . . 1 1 1 ^' h, 

These names sm;!;( si analoi;oiis e;iib<»n eonipoiiinls, and lln l.ilhr Iwo 
eoiresjiond, al It asl m tMnpme.d eomposilion. (o o\.die aenl, lUt ..Oj, 
and iiKsoxalie aiad. IliCjO,, 

Silicofoimic Anhydride, 1 1, .'^1,0.. "as oblannti m .m impure iorm 
bv Ibiil and Wolilir,' .ind pine b\ Crndtl and L.nli iibiiri;, ’ bv dt eom- 
posim; silieoehlorolbrm with n‘(-et)ltl w.ib r lln lormalion oi the 
anil's ilride I*' jirobablv ])rt ci ded by I hat ol lln Ini .kmiI, which tluii 
loses wider, thus : 

llSiCI, IlhHOII), 

I (ill/) .'> ' 

IlSit'l, I1S|(()II), IISi.O 

-1 lillCl 

^ Hhui anti Ztihih annjif ('In in , I'Ul,y2, IIM 

* Vfstcdwijr, i/sr/z ain»ii f'lmn, IMIl 88, '111 

•» Koliliausch.ZfjUA r//, /« , IsM 5, 12, 77 5 II iiiKm li. Zonr/i aiuntj Chon, 

l!)02, 30, 2M.7 M\ lius .jTiti (iitjst lull] lift laiHJ. 39, lln ^ 

* Hull anti Wnlilt'i, Annnhn, l.SIT, 104, MH 

* riiodol and Ladenbiiig, Annahn, l.Sli 7 , 143, 1 J 1 
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Alllio.jgh orthosilicofonnic acid is unstabh*, its ethyl ester is formed 

by th(‘ action of alcohol on silicochlorolbrni, thus : 

lISiCl^ -- IlSi(()Cdl3)j i MIK'I. 

Eor the less r< active ehlorolonn to yield tlie corresjionding orLlio- 
Ibrniic esthr, sodium ctlu)\idc luiisL he enijiloycd thus : 

IK’Cla -I- SCgHsONa - llC(()CJl5)a d- JiNaCl. 

formic anhydride, (IICO)2(), corre sponding to (llSiOj^O, is unknown, 
for any allein])t to dehydrate' Ibrniie acid fields carbon nioiioxide : 

CO 

— H ‘JII2O. 

CO 


Silicoformic anlndride is an insoluble white ])owdtr, which should 
be drud in vaviio o\er sulidiuric acid. It may be heated to .‘iOO"" C. 
without ih'comjiosition, but at a higher l( m|)( raLure it (\ol\es w'ater 
and silieaiu*, S1II4, and lea\es a residue' oi silie.i. IL inllauus when 
heated te) a high te'mjKrature in the air, and tnuts a pheispheus scenl 
light; it is stable' teiwards acids, but reacts with alkalis, roruung silicates 
and h\dre)g(‘n, thus, r.g. : 

(IISiO)P + iNaOII - t>Na ,Si()3 + IT^O + 2II2. 

Tow'ards \<irious substance s in solution it behave's as a re ctucing age nt ; 
thus it iseluces pe i luanganu' anel chieuuic aciels, aiul se parate s sulphur 
freini sul[)hure)us .icid, and uieTcurs, siKer, gold, and platinum IreJin 
the ir sails. 

'riicse' reducing pre)j)eTties are traceable' te) the' h\elre)gen ale)ni 
in sdiee)clile)re)re)rin, which jicrsists in sihcejlbnuic anhyelride. Like 
silicic acid, winch iL seiine'wliat rese'nibles in ph\sical jirope rt les, this 
conipe)und ne) ele)ubl eeuisists of pe)l\ merise'd lueilecules, (II^SiD.j)^. 

SilicO'-oxalic Acid, (Il2Si20,|)„.--This compound, the* silicon anak>gu(' 
of e)\.die ae'id, is foriueel by the hNdre)lvsis of he'xaehlorosilico-e thane, 
SiaCioj hcxa-iodosilicej-clhanc, Sulo, by nu'ans of ice-cold water: 

S1CI3 SiOOlI 

I H-GJICI. 

S1CI3 “ SiOOlI 

lIcxa-ieKle>silico-ctlianc also reacts with absolute alcohol thus: 

S12I0 + 6C.2II3OII - (SiOUIl)2 4- CCJlgl -!- 2II2O. 

Sihco-oxalic acid is convenientK prcjiarcd^ by allowing moist air to 
act slowly upon lu'xachleirosihco-ctliane contaiiK'd 111 a jilatimuu capsule 
cooled by ice, and then w^ashing the product with colei water till it is 
free from chloride, and drying it in a \aeuuin. It is a white insoluble 
powder which explodes feebly when heated or rubbed. It dissolves 
in alkalis, forming silicates with evolution of hydrogen, thu-> : 

+ 4 NaOII = ‘JNagSiOa -h d- ; 

^ Oattcrmauii and Weinlig, Her , 1894, 27 , 1942 


IlCOOll 

lICOOll 


IICO 

> 
IK'O 

L 
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consequently it is a mluciiii' a"eni ,* it ruluecs piTiiian^anic aeid 
(juickly, and eliroinic acid slowlv, hnl dot s iiol pn cipilatc u^old Crom 
cold solulion. lint sili(‘o-o\alic acid |k)ss(sscs hnl ii.ilf Ihc n duem^ 
power ol silu'oionnK' .inlixdiidc indic.ihd I)n llic (qw.dioiis . 

IKSi.Oj i-i>() IhO ■ 2Si(), 

I () Il“() I *j.SiO“ 

Tlio iianu‘ siIict)-o\alic .icid is hardl\ pisl iI’mI)!!' since tins snhslaiioc 
Idrins no sails. 

\s regards llic consi ilul ion of this (‘onipoiinii, IIk' Idriniila (SiOOll)., 
poslnlalc s redutinir projK r(i« s alia d lo lla.st ol ((OOII).^, lu \ t rl lu lcss 
It lias lieen [iroposnl to lorniiilah* I his siihslaiici Ihiis * T 




0 Si 0 0 Si 

1 1 

0 



11 11 


Now the 

formula 

0 Si Si (t is 

1 1 

d(ii\abl(‘ dincllv from 

(’Ig-- Si Si 

1 I 

( I,, wlnlsl 

1 1 

Oil Oil 

IIk abo\e loimnla 

ni\ oI\ ( s .III mlranuth cnlar 

1 1 

Cl Cl 

chancre, for which some 
by ])hos])horons acid : 

aii.do(r\ .ippi.irs l( 

> b( pro\ i(h (I, lor msljmct' 

11 


I’CI, 

- r(()ii).{ 'O 

l‘l()ll). 


Tlu‘ case k, lio\\(\<r. ari not par.ilh I lor in I Ik l.dhr i \anipl(‘ the 
valencN of the phosj thorns atom is nu n .isi d. Mon o\ i r. ( Ik i< is siTioiis 
objeolion to assninm^f .in o\\ n (ham to I ( pn -.<111 m I lie inolecnh' of 
silico-ox.dic .icid, and no olipclion 1o retaiiimjj Uk rorninl.i .iinilo^mns 
to that of oxalic .icid 

Fnrllur, il has Ixtii sliown l)\ Marlin - Ih.il sihco-o\ahc acid is 
product (I, in a \ n Id of 0‘) KM) pi r c< nl , lt\ tin naclion: 

Si,(()Kl)« 1 1!I,() Si.Ojll, ; nl-.lOII; 
and sinc(‘ the s( rn s of re actions • 

(’IjSi Si(’l ^Si M'OKI ) / I K )) ,Si Sii( )l 1 1 . “ * * ^ 

llO.SiO.SiOOIi, 


]irocceds <pianlitaliN( 1\, Ihis tael .diords adihlional e\ idi nee that (lie 
conslilnlioii of silico-oxalic acal is .m.do^uns (o that ol' o\.dic acid, 
'riu com pound is, ho\\e\ ( r, proli.ihh .i pol \ uk r w il h a (\\ chc consi it n1 ion, 
as a|)|)ears below. 

Silicoines»oxalic Acid, 'Ihis coinpoimd, winch is the 

silicon analoi^iie of mesoxalic acid • 

FOOII MOOII 

I I 

('(Oil), Si(OII), 

■ I ■ I 

coon SiOOII 


Mcvi.uilif .^cnl MiH'omcs ox.iliu fUJitl 

^ CiiossiiiHriii, see A hi uif. Uumllnuh lA / nn <17 ('fnni , 111 , 11, 

^ Maitiii, Tram. C/u'iii Sui IDlo. 107, UlU 
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is formed bv tlic actioii of moist «'iir oti octachlorosilicopropanc, Si-jClg, 
at 0° C. It Is a \\hih‘ iinslabh' po^\(l(‘r, ^^ln(‘'ll is insoluble in water, but 
reacts with alkali (nrrnifi*; silic.ilc am! iudroi^cn : 

II,Si,(),. i (iNaOII .‘iXa.SiO, | :UI .() + 2llji. 

It [losscsscs riduciiiix projurlas, indicated thus : 

]l,Si^()„ -l I .‘kSiO,. 

Silico-oxalic acid and siiicomcs-oxalic acid \ u ld identical forms 
of sdica when tnaled with annminia, and Martin^ accoiinls Tor this 
fact by the lollowmi^ seta ni«\ in winch ih(‘ pol yimrised and cyclic 
constitution of these two acids is set furtli : 


Si,{()Kt).. 

Klhvl ortho-sihc(»-o\alale 
III.O 


Si jC Ig 

Ocl.ichloTosilieopiojianc 
I 11.0 


Si, (OH), S|.(()11)^ 

orl ho-sihc<>-o\.dic acid oi tho-sihcoines-o\ahc acid 

(unst.d)!^ ) ; ij niols. condt use (iinslal)h ) ; 2 inols. coiuh use 

1 


SiOll SiOII 

/\ 

O () () () 

\/ \/ 

SiOlI SiOII 

' /°\ I 

/ ^SiOIl 


SiOII 




Sihco-o\ahc acid. 






IIOM ^ SiOII 

I "'I 

Si(()lI).Sit()IT)., 

I “ 1 

I I 

Il()Si( SiOII 

o' 

Sihcoini's-oxalic acid. 


.A 


A). 




o o 

\/ 

Si 


Si 

/'' ' 

o o 

' / 

Si 


^o .. o o 

\// \^ / 

s< \s, 


When ethyl ortho-sihco-oxalatc (he.\a-ctho\ysiIico-cthanc) is treated 
with sodium or potassium hydroxide solution, hydro^ron evolved, and 

‘ Mai till, Ttam. Chevi l^oc , 1915, 107, 1043 
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a silicate formed by the iiiterpolatioii of an o\\i<i'M alom between the 
two silicon jitoins lliiis 


OU OH 


OK 

OK 

\ 1 1 ' 


1 

1 

^Si Si h‘-il<Oll 

: 11,0 --- 

Si 0 

Si 


siijcox v\n SI LiMirii 

'Jiu‘ rollowiiiir Silicon compounds conl.mimif siilplmr .iic known 


Silicon (lisnlpliidt . . . SiS, 

Silicon nioii<)siilplii(l(‘ . , ,SiS' 

Silicon o\\ sMl|»lii(lt , . SiOS 

Silicon lliioclilt»nd( , . SiS( K 

Silicon ( liioliromulf . SiSlii , 

Sili(‘on clilni(i|i\ (Irtisiilpliidi* , SdIjSlI 
SilicoMno-im .1 . . SiS(\II,) 


Silicon Disulphide, Si S^, c.ni oc prupnicil 1)\ iMssimr ihc N.ij onr of 
carhon disiilplndt* ovir a lu.d'd misliiii til mIkm ,iiid c.irhoii. lint is 
Ik'sL ohiaiiK (1 l>v ii(alinir lo.i in d Ik.iI ;in iiilimah iiii\[iii. «>! .iinoi (ilioiis 
silicon widi IhiNf liiiKs ils wtijrlii 4i| jiowdthd siilpliiii, ,iii<l siihlimin^r 
the iwodiiel limit r iN<lii(‘(d piN .siired II is ,il,t» IoiiihnI I)\ llie dry 
dislillahon ol' ilu* lliiocliloridi 

l>SiS( 1 , - SiS, i-SiCI,, 

• 

and bv addme lithiuin silicidt* lo inolidi siiljilmr 

Silicon disulphide Ibriiis while silk\ imdhs, which ma\ l)t‘ sublimed 
in an imrL almos|)h(re, bid whicli burn to sihe.i .iiid siilpimi dio\id(‘ 
when lualed m air. Moisliire (hcmiiposis I his eompoimd, lovmmt^ 
silica ami h\droi(<n sulphide; chlorine I’nviiis chlorides ol sulphur and 
silicon; Jiistd sodmni snl|)hide Mtids sotliimi I hmsilieale, Na^SiSg.'^ 
so that siheon disnlpliidc, SiS^,, is Ihiosiheie aiilndride 

Silicon Monosulphide, SiS, is I'orimd, ioi^t Hitr wilh llie oxysiilphide, 
SiOS, i\lien snl[»liiir \aponr is passtti o\<r silicon healed lo whilem'ss 
in a porcelain tubi.* and also wlun h irosilie<»n and snlplmr an laated 
to^eilitr in an (helnc liirnaet.'’ Silicon moiiosnlphide is a mMow 
volatile solid, winch also ajipears to exist m a black inodiliealion, and 
dissolves 111 alkali sohihon walh e\ohilion ol hydroLfi n 

Silicon Oxysulphide, SiOS. .ippears to be a m Jlow sttlid w Inch dissolves 
in alkali wi! limit e\ olid ion of hulro^iii. 

Silicon Thiochloride, SiS('l„ is forimd, tokallnr with silicon disul- 
phide and silicon teliachha’nh , wlun the \apoiir of , sulphur mono- 
chloride reacts with ervslalhsid silicon .d a red lu.d/’ "l'h(‘ ])i'<»diict is 
purified by crystallisation from carbon letrachhn ah , and siihlimed at 
100° C. in a stream of dry aiv. It has also bci ii pn |)and by the pro- 

^ IIf’ni|M l .iiul voTi IJ.iiis}. iiiiintf (’Jum., 1900 , 23, 

2 Moi'-san, Vomfif inul , I'HIL’. 13k lOS.'J 
“ Fluiiipi’l and von ibui 

^ Colson, Bull Hoc r/inn , 1SS2, (ii|, 38 , .10; Jlankin ami Jiniiifilon, /Vor Chein 
Hoc., 1908, 24 , 131. . , 

® Cambi, Aiti R. Aaad Linm, 1910. h], 19 , 11 , 294 , 1011. [\J, 20 , 1 , 133 
, • Besson, Compt. rend , 1891, 113 , 1040. 
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longed irit(T{iction of silicon tetrachloride vaj)our and hydrogen sulphide 

at a dull red heat, when the following changes take jdace 

S 1 CI 4 + II 2 S ^ SiCljjSIl — SiCL,S 4 - IlCl. 

H IICI 

This compound eryslalliscs from carbon disulphide in colourless prisms 
which nulL at 71'' C. (Besson) or 75" (’. (Hlix and ^VlrbelalKT) ; the 
lupud boils at 1)2 ■’ C. under 22-5 mm. pressure (Hlix and Wirbelaiier). 
Water and moist air decompose silicon tliiochlonde with evolution of 
hyilrogen chloride and sulplndi* and s(‘paration of silicic acid ; w’hile 
heat breaks it iij) into silicon tetraehloriile and disulphide. 

Silicon Thiobromide, SiSJirg, is formed with e\ohition of liydrogen 
bromide by tin* interaction of silicon tetrabromide and hydrogen 
suljihide at 150''' C. in jirescnee of alimiinium bromide as a catalysir.- 
It is se})aratul from unchanged silicon ti lrabromide by iiMctionalion 
in vacuo, and forms colourless }>laU‘s melhng at C. to a lupiid which 
boils at C. under 18 3 mm. pressuri'. Tin ervstals fume in moist 
air, and react Mgorously with w'aUr, wilh separalion of silicic acid 
and (.\ olid ion of Indrogen bromide and sul})hid(‘. 

Silicon Chlorohydrosulphide, SiCl,.(Sll. -It lias lieeii seen under 
silicon Ihioehloride liiat silicon ehlorohydrosul[)hid(‘ is an internif iliate 
jiroduct of the interaction of silicon lidrachlonde and hxdrogiMi sulphide. 
This com])ound is therefore formed by jiassmg a mixture of silicon 
tetrachloride vapour and hydrogen sulphide through a tube at a lower 
temperature than that required for preparing silicon thioehlori(i('. * It is 
separated from unchanged silicon telraclilorid(' by fractional disl illa- 
tion and condensation in a freezing mixture. It is a colourless, fuming 
liquid, of density 1*13 at IS'' (!., which boils at Oti ' C. Frudi l and 
Ladenburg * found its vapour density bctweiai 155 ' t'. and 101 " C. to be 
5*7‘1< and 5-2 1-5 32, theory re( pi irmg 5 83 (an = 1 ). It is d('eomposed by 
water with separation of silicic acid and evolution of hyilri)g(‘n chloridi* 
and suljihide ; bromine forms hvdrogiai bromide and SiHoUr, aiul 
alcohol the compound Si(OC 2 l 15 ) 3811 . 

Silicothio'*urea, SiS(Nll 2 ) 2 --Thisconijioiind is formed by the action 
of ammonia on silicon Ihiobronndc by a naetion analogous to that 
by which the corresponding carbon compound is formed : 

SiSBr^j -I- 4 NII 3 - SiS(MIo).. -1 2Ml,13r. 

Silico-urea is not known, for no simple silicon oxv halide, SiOXg, exists 
Irom which it could be jmqiarcd. 

Sihcotluo-urea differs from its carbon analogue in being decomposed 
by water; hence the rt action for ils preparation is carried out in 
Jinhydrous solution, as follows: Silicon thiobromidi* is dissolved m 
benzene, and dry ammonia is passed into the solution at low tianperature, 
when sihcothio-urea separates, together with ainmoniuin bromide. 
Liquid ammonia is emjiloyed to dissolve the latter, and the silicothio- 
nrea then remains as a white pow'der, which slowly deeomjiosi s at 
atmospheric temperature, evmlving ammonia and hydrogen sulphide 

^ Blix Riut Wirbctiuoi, ]kr , 1903, 36 , 4220. 

^ Hli ', Her , 1903, 36 , 4218. 

® Pn'rro, Ann Chim. Vliys., 1848, fill], 24 , 286. 

• I’iicmIi'I and Ladenburg, i4ww. Clnm. Pliys , 1872, [iv], 27, 416. 
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SILICON AND SKLKMi 


’M 


Silicon Selenide, SiSc>, l(»rrn(‘(l l)\ ilu* .iciion nC hx.i,. ..r .. i j 


nu-ini.N AM) .\ITI!()(;i:\ 

Tho coiiiijoiimls wliicli cmiaiii carbon .iloiiis linkid «ilh (hose ol' 

mlroa,.., a,v ..xcCnalj ..n.jurons a„.l a,ui lb! ex;:...!, 

the rcsdiiblancc bclHc II carbon .mil mIicon ni.i\ be |)arll\ nnl.ad by 
a comparison ol the iidroKcnoiis silicon componnds ill' I bo's,' of t"irbon 
\cry lew iiUroircnoiis conip,iimds of silicon , xisl, lam, Mr ; and tliosj 

comia.micK'""" ’■''•''"’""'"I’ ^|"’iid„,!; carbon 

Ib'Viiolds''! ii,'\,'rlli,l,ss has dranii alb'iilion In Ibe bilbmiiar 

S';:;,!;' 

s.(Niic„ii,).-- vs, .>s, .sio 

i ll,' billoniii}; arc lb,' nioryainc conijaiiiials ubicli conlain bnkaocs 
Ol silicon aiKi nilroi^iii aloiiis: ” 


SilMlK 
Si ,.N ,11 
lISi \ 

Si \,(.Si\.Si.\,). 

‘Hill silicol liio-iircii 


Silicon t( Iniimdc 
Silicon (ii-iini(lc . 

Silicon nilriinidc, or siiicani 
Silicon ilro^rcn li\(Iri(lc . 

Silicon iiilndc 

I here exist also silicon c.irhoiiilridc, 

SjS(NII 2 ) 2 , prcvionsh iioIicmI. 

Silicon Tetramide, Si(NIl.),, is |m pared l,v iIk iremral nieUiod lor 
lirepariiifT amidi's, Hial. is, In Ihc inleraclion ol (he acid chloride and 
iininionia. Thus whin silicon h Irachloride and aiiinionia inhracl in 
benzene solution In low 0' or whin lapiid ainnionia and I he lelra- 
chlonde arc mixed tojri-th. r * helon () ’ (’ , a while solid is rorini d which 
chioridc^"^^' tcLraimde and llu- mccssarv In -produel, ainnioninm 

SiCI, + «N1I, --- SKML), + MI, Cl. 

From this mixture li(|uid ammonia dissolves aimnoimim chloride 
leaving silicon tetramide as an unstable, amori>hous while siibslance 
Which above 0° C. loses ammonia, jiassinir into the di-iniidc. Water 
decomposes the tctraimdc into silicic acid and ainnionia. 

* Sabatier, Coynjd. rend , 1891, 113, I,^2 

* Reynolds, Trans. Chem Sor , IKS9, 55, 471 . 1900, 77, 8:10 f 1.905, 87, 1870 
■ Lengficld, Amrr. Chem J , 1890, 21, 5;n 

* Vigouroux and Hugot, Compt. rend , 1903, 136, 1670 



228 • CARBON AND ITS ALLIES 

Silicon Di«imide, Si(NII)i5, is fortncd from the tetramide by loss of 
ammonia ^ : 

Si(NIIo)i -SilXlDg + 2NII3, 

winch coniimnccs al)o\c 0° C. and is complcti- at 1‘20 (. It is also 
produced by Ihc aclion of lupiid jininionui on silicon disiil[)liidc ()i tliio- 
chlondc, and nia\ be isolati'd from I In* jirodiicl ol the action ol (^asi'niis 
aniinoiua on silicon 1( liMchlornl<‘.“ 

Silicon di-iiiiidc is a while, infusibli', iiniorphous powder, stable 
to\\ards inoder:iLe hi'at in absence* of air ; il is basic, ioriinnff the* white 
hydrochloride* Si(NlI)o 21ICI. Water hyelrolyses it to silicic acid and 
ainnionia. ■ 

Silicon Nitrimide [Sihannl SioNjll.- Althou«rh silicon eh-innele* 
can be lu'ateel m an inert atnieispheTe' wilhenit deceiinpeisilion, it 

leise's aninionia when he*ah d in nilro'^e'n tei 000" C., yieldini^ the nilnniielc, 
a substance e>f unknown consliluhein, Ihus ^ : 


2 Si(N 1I), --Si,N,ll 1 Nllg. 

The jireieluct is an amorphous jieiw'eler, slable towards water. When 
It is licate*el to 1200’ 1:500^ C. it loses the* liNelreiercu re inaiiiiner ui il as 
amnieinia, anel le'ave's a residue* ol nitride*, thus : 

;}Si.,N3lI- 2SijN\ I-NII3. 

Makiniif e’ertain assiimplieins as to the* ceinstilutie)!! eif the* nitrimielc 
anel nitriele*, this chan<(e* may be repre*se nte‘el lentalively as lolleiw's : 

N Si -Nll-Si N N Si-N-.-Si^N- 

N Si-xii-Si N — > X Si -\-Si - X - -f ^ 

N-Si -XU— Si-=N X Si-X-Si- -N— 

Nitiiinielo 


N -Si— X-- Si- -N- - 
N— Si— N-— S i--^N - ■[ MIj 
N Si Si N 


N 

N 


Si- -X - Si- N— S i N 
S 1 ---X -Si X-Si N 


+ NII,, 


Nitiiele* 


Siliconitrogen Hydride, SiXIl.-Tliis coiniioiiiid.’ivliK li is the silicon 
aiialofriic of liMirocvaiiic iicid, is forincd by llic nclioii of iiiiiiiioiiiii on 
silicochleireifeirm v.ipemr ^ * 

SiIK'l, 1 VXII., SiXir -I- OXIIiCl. 


The enise-s are* dihite*d wulh hvelro,<re*n anel ceieih'd tei prevent a too 
vicreire'Jus redaction, and meiistiire* anel air are* rijre'iremslv e*x(*lueleel tei 
prevent hvelrolvsis eir eixidalion of the* preiehict. Ammonium chleiride* 
is remeived fremi the mixture* by means of hepnd ammonia, but the 
hvdriele* lias neil be*en obtained pure*. 

‘ Silicomtre>efe*n hydride is a white iiowde-r which sublime^ with 
‘ vmiposition at 300 '’ C. under re duced pressure. Il reacts w ith w'atcr 
'' ahs, producing silicic aciel or a silicate, ammonia and h}dre)gen : 

siJXrT 4- 3ir„0 lIoSiO.. H- Nlln + II 2 ^ 


net IIuHot, Compt wii, l‘J03, 136 , 1070. 

I VifPry ^ 1889, 22 , 518. fi-ael Wirbclaucr, Ber , 1903, 36, 4220. 

t GaUt 


'lor, ibid. 


• , 1905, 
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it is consequently ji stron‘r nduem*^ .iirciil, iwid in tins rt sju cl, re, si mbh s 
silicoforniic anlndridi*. J)r\ ]i\di(»u(ii chloride r« ^fciu r.-ili s silico- 
cliloroloriii, (Iius. 

siNii -j- tun Slim, ; mi,ci 

Evidiiitly silicoiiilrniren hulndi does noi rcM inhh li\'dioi;( ii e\.mi(le, 
Silicon Nitrides. S<\(i.d iiihidtsor silicon .ipix.ir lo ( \isl ns 
^\hl^c iinioridious suhst.iiici s. Tin \ .ik 

SiN, densilv ;M7. 

Si«N.j. ;i (5 1, msolnhh' in I IK, 

Si,,N^. ,, .‘M !■, solo hit in 1 1 1\ roriniiiLT (NTI ,)oSiK,,. 

jind nr(‘ produced lo^ntlnr wlnn silicon is .slionnK In.ihd in nihoifcn ' 
When silicon is hedid in ,\ cnieihh' p.ickul loiiini wilh eiirhon, .icci ss 
oi’ ()X^ Lji n is niniost j>ri \ < nh d.- and Si , is loiiind lo'^tllni wiili 
the cui homhide Si ,C ,N (oi Si C,N). lln e.iihnlt SiC .iiid lln* e.iiho\ide 
SiCO. 

Accoidinjf to Miirli^non.Mln niliid( Si ,\ , is loiined \\1 i n ii im\lnn 
of sdiea <ntd cnihon is Ik .did in a cniii nl ol iiiiioin n .d 1 100 I.700'' C , 
accordiii^r to the c(|ua1ion : 

.‘iSiOj 1 OC 1 2N^ ^',^1 I <*C() 

Kroin till oviiical consult lations the lual of lonn.dioii ol Ihis niliide 
IS calculated to he 1.70. ‘100 caloins 

SILICON AM) CAllllOX 

Silicon and carbon conihiiit to^nllnr al lindi lunpiraliin lo lorin 
two compounds, SiC and Si(\. the lornnr ol' which is known in Ihi' 
cr\stalhne and amorphous slates. 

'[’he amorphous nionoe.irhide, Si(\ is pn pnri d * hv healinij (o a rid 
h(‘at III a hone-hlaciv criicihle, sniioimdid wilh soul, a linel\ di\idid 
mixture of 1 part of cr\slalhs(d silicon and 2 p.iils of silica 'I'lu 
jirodiiel, which is m’leii, is fn i d from tin accompan\ in<r silica Iw nnans 
of IiMlrolIuoric acid. A simiJ.ir product is jm p.ire d i-omniiTcially as a 
lire[)roof niatirial called “ Silundnni.' 

Crystalline Silicon Monocarbide(f SiC 'I'hi discoN i r\ 

of this jni|)ortanl siihsl.uice ' h\ Aelii son m IMM was an oiilcome ol 

the exjurmunts of Moissan on the ell cine him.ice- II m.i\ h« pnjiared 

by fusing silicon with carbon,'' or silic.i with e.ileiiini eaihidi,'^ in an 
electric furnace, or h\ tin coinhinalion ol e.irhon and siheiiii \apours 
})roduced tin rein It is in.miihielurid, how(\tr, h\ in aim!/ (o«/<lhir 
in an electric tnrn.ice, built of tin brick and pro\idtd wilh carbon 
terminals, a mixture of coke, silica, salt, and sawdnsl. 'riie water- 
power of Niae/ara furmslu-s the cntru\. 'I’lu n at lions are : 

SiO^ I 2(’ Si ! 2C() ; Si ; C SiC. 

^ Wi’iss .mil Kiiui'lli.irill , Ziit'-th umnn f h< ni , I'HiM, 6'5i ■5'' 

“ DcmIIc aiul U'olili’i. \niitilin, l.s.Vi no, JJS 
^ MiUtigiion, JiuU S(n (// m , mi 1. pi I ij, ”'d 
* Wcliutzrnbcrgcr, i'ompt uml . isaj, m, lil.sy 

® Foi an account of the inaniit.K inn .iiid jmijK itics ut (nihoriiiMhirn ‘'ecKolin J Sac 
Chew. Ind., 1807, i6, 8G;t. 

, * Moissan, Comjit luid , 1803, II7) *-"> 

’ Moissan, Comjit tend , 1897, 124, S.’IO 
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The salt acts as a flux till it ij5 volatilised, and the sawdust yields gaseous 

decomposition products which keep the mass porous. When the 

furnace is opeiu'd the carboninduin is found surrounded with a zone 

of the less \'alual)l(‘ amorphous monoearhidc, formed at a lower 

temperature. 

Carborundum 'ervslallises in hexagonal j dates of density 3-12. The 
crystals are lustrous, iridescent, and often translucent, and of a colour 
varying from sapphire blue to greenish brown. The hardnc'ss of this snb- 
stan(‘e approaches that of diamond, being Os') on Moll’s scale ; so that it will 
scratch ruby. TIu* heals of formation and combustion ari‘ respecti\ ely 

Si (cr\st.) 4 C (amorph.) = SiC + 2000 calories 
SiC -i- 202 ‘ SiO , -1- (’Oo + 238,800 calories. 

Carborundum is practically unallereil by ignition at 1000'^ C. in air 
or oxygen. NeitlnT hydrochloric nor sulphuric acid, nor i \ eii a mixture 
of liMlrolluoric and nitric acids, attacks this substauci' ; sulphur and 
fused nitre ari* without action u|K)n it ; chlorine ihcomposes it, slightly 
at 000'' C., completeh at 1200’ C. ; fusiil lead chromate oxidisis if, 
and fused caustic alkali conviTls it into carbonate^ and silicate. Carbo- 
riinduni is us(‘d, on account of its (acissim' hardness, as an abrading, 
cutting, and polishing agent, ll is cmi)lo\ed in tlu' iron and steel 
and other metal industries, and for smoothing ])otli'ry and polishing 
granite and glass. It is thus a substiluti* for (anerv. 

Silicon Dicarbide, SiC 4. w'as obtained by Colson ^ by passing ( IIinIi iie, 
or hydrogen saturated with benzene vapour, o\(T silicon luated to 
whiteness in a porccl.iin tube. 

Silicon Carboxide.- The comjiound (SiC())t is lormed winai silicon 
is heat(‘d to whiteness in an atmosphere of carbon dioxide : 

3Si + 2CO4 - S1O2 -I 2S1CO. 

Aftir the removal of silica with ludrolluorie acid llu' carboxide remains 
as a greiMiish white ])ow(hr, w'hich is stable towards alkalis. 

A product called SdoiVtcoii has been pri‘pari‘d by Colson,- and is 
nianufaelured by the Acheson (’ompanv at Niagara, bv h<‘almg a 
mixture of sand, powdered coke, and sawdust in tlu‘ electne furnace 
to a temtieratiire not exceeding 2800'’ C. 1'he reaetion is approximati ly 

2Si() 2 -I 5C ^ Si.CoO I 3C(), 

but the product is a mixture, and mav contain other bodus besides 
Si2(k2^^^ fi' C^Si^O, if the proportion of earbon to silica is \aried. 
Siloxicon IS relraclory, and greyish green when cold, but light >ellow 
abo\e 300'^ F. ; its density is 2*73, and it binds when ground with 
W'ater ami fired.-* 

SILICON AND J^OKON 

'fwo borides of silicon are known : Silig and Si They ari- formed 
together when boron is liealed wuth excess of crystallised silicon in an 
electric furnace. Uncombincd silicon is removi d from tlu- cooled mass 

^ (Jolson, Conipl. tvnd , I882, 94, 1310, 1020 

* Schutzonbemer and Colson, Compt. tend , 1881, 92, loUS , IS02, 114, 1087 ; Colson, 
Bull. Sor rhim., 1882, fill, 38, aC. 

* Si'c .7. Bor ('hem Ind., 1903, 22, 743. 

* Moissnn nml Stock, Com pi rend.^ 1900, 131, 139 , Brr , 1900, 33, 2125. 
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by treatment with a cold mixture of nitrjc and hydrolluorie acids, and 
the crystals are furilur purilied In licatiuK llun,«,(h i.olaslifor 

an hour, wasluiifr with mine acid and liol wal. r. aral di-MUf; at 

Kaeh compound may be separal.d from the uuxlure l,v su.labi, 
treatment. {o.luu; mine acid oxidises llu- 1, ex,, boride. Iiaiiiu; the 
tribovido 111 blaek, rlioml.ie plal. s. of d, „sil v .VJ . niulsl r,is,d an- 
hydrous liotaslideemnposesIlielrilMa-id.'aiid h.n.s (lie l„ x.iboride iii 
bhaclc, opa.iiie erv.sla s ol density 2- 17. uliieli are ml. rmediale ii, h.irdii, ss 
ndwirii ruby and diainond. 

Holli boruh s are -rood eoiidiielors of , hrlric ili ; (luoniie aels 
s iitorously upon them, and eliloriii.. at a r. d l„ al ; lli, v an sl.ible alien 
heated m the air, bill must not lie laalul in pl.iliniini, ailh whieh 
the silicon would combine; coneenlraled snlplmiie acid allaeks lliem 
sIowJv at .3.30 ( . 


DKTKCTION AND KSTlM.VTrON 1)1' .S1I,U'()\ 

The silicon present iii a eompouiid of Ihis , h nieni is mv.iiiahlv 
delected and esliiiiabil in Hie ha-ni of sihea. whicli is idinlilnd hv the 
microeosmic or sodium carboiiale bead lesl In Ihi IbriiK r lesi Ihe 
silica floats uncoiiibiiu d willi (he sixlmin me l.ijiliosiilub m (|j(‘ 
bead ol this snbslanee lorined bv fiismif imcnu omimc s.ill ; m liu* JalUr 
test sihea, by Idrminjr a jrlnss, n ndirs Ir.msp.in id Ihe ol lia-w ist* ( n slal- 
line and opaiiue lx .id of sodiuiu earbonaU'. 'I'lu siIkm mas be oblained, 
som(‘tinie,sJ)v hydrobsincr the eonipoimd willi w.ihr, bv riismir it ^vith 
a mixture* of Mxliuni and pot'issiimi e.ir]x>n.ihs .md d« eonnxrsmfr (he 
resiilfintr silicates willi hvdroeliloric acid, or els.‘ b\ ll(.•llIm^ d^vIfh 
conc(‘n 1 rated siilphnnc and. This lalh r hk lliod is ms( fnl lor t siimadnir 
the silicon 111 an ori^.mic conijxuind ; the neid burns up all the carbon 
and leaves a residue of t»nie silic.i. 



CITAPTKU IV 

TITANIUM AND ITS COMPOUNDS 

TITANIUM 

Syiiihol, Ti. Atoiinc* IS 1 (() “ k;) 

Occurrence. — TiLainmn ('cciirs m llu* crust of the carlli iii I he lonn 
of its dioxide, TiOjj, winch, like silica, is either in the free simile or 
comhitud wilh metallic oxidi's, forminj^ tilniwitcs. 

Jmjiiire {i(aiiiiiiii dioxule is found iii thri-e dislmel crNslalhiu 
forms ns htooLilr, and andta'sc ; ilmniifc or lilanic iron on- 

is UeTiOj; and lx sides these (lure ari‘ (U.i.Fi ")Ti() ,, 

tifainte or spftrnc, taTiSiO^, M'hotlimilv, (\i{'ri.Kt')Si()-i, and hnlhauilc, 
CaY(Ti,Al,Fe)Si().. 

Titaninni is also widely difluscd throiiifh many ollxr miiiLrals 
and rocks. Some iron ores contain this cknunt, which appears in 
the blast -furnace, after the snullinj^ of these ores, .is llu* c\ aiio-mlridc. 
Titanium is also found m basalt, trap, mica, and otlw r lyiuons rocks, 
in sand, clays, soils, and mineral waters. Ninety soils, colh,cti“el from 
different parts eif the w'eirlel, (*ontained an average of 0 aT jxr ci nt. 
TiOjA li^nieous rociks contain an avcr.nre of 0-7 1< ])er ernl. of 'I'lO^, 
shales ()•().) per cent., sanelstones 0-2.) ])er cent., Iiuk stones 0 00 per end . 
the whole lithosphere containinj^ 0 73 per cent, of this oxiele ; w'hilst 
the e'lcmcnt lil.ininm follows oxx^a'ii, silicon, ahimminm, iron, calcium, 
sodium, maifne'snim, polassiiini, h\elro«^e‘n in nlaliM' abundance in 
the crust of the e‘arth, anel is followe-d by chlorine', carhein, jihosjdionis, 
sulphur, etc.^ The wade ehifiision of titanium in the* soil ace*ouids for 
its passmjf into the tissue's of jilants and animals. The ashes of all 
plants contain it; in the ash of eiak, W.iil foiinel 0 31 ])ir cent. 
TiOg ; also it ls jm'se'iit in the' llcsh anel bone' eif animals, includin'^ 
man; and llaske-rville ^ found ox beaic to contain OOlOo per cent. 
TiOg. Titanium has also be'em detected in some meteorites, in the* 
sun,® and in many stars ® 

History.- In the year 17<S9 the Key. William Gri'iror ’ discoxered 
that a mineral, named ilmcnitc, or mcnachamlr from llu' part of (’ornwall 
in which it occurs, (‘ontamed a hitherlo unknown nulal. A few years 
later Klaproth^ ehscowred titanium m anel showe'd that this 

W'as also the element prese-nt m ilmenite. Other tilanmm minerals 

^ Dixldiiii'loii, ( Ik HI Anrs, ISDJ, 65, Oa ; 1897, 76, 2:21 

* S(*»' this sciios vf)l i, 2nel (slition. p 8 

* Wait, J Ajiur Clinn Sor ^ ISIIO, 18, 402 

* Hiiskrrvillf, ./ Amir Chein »S’or , IS99, 21, 10')ll 

^ Coiiipl lend ^ 1878, 86, 101, l)S.‘l , Lo(U\tT aiiii U.imiikIhII, /Voo Huu 

1005,74, 2 .')'), ll(‘sl.iinlt(*s, ( 'omp/ tend ^ 190"), 141, t09 

* Fowlci, Vroe 1{o)i Hoe, 1001,73, A, 210 

’ Oroc;or, Crell. Annalen, 1791, [1], 40, 103 

^ Klapiolh. f{(tparehe/t (1797), 1, 233, 245, 11, 222, 22(5, iv, 153 

232 
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were exarnmed by Laiiipadiiisd and V<*m(|iu‘lin , but IJose ^ 

first ol)tain(d pinv titaninin diovidf m 1S21. Karly alltmpts wire 
niiuli' to j)r< pare luetallie litaiuiiin by redneinf^ llw oxidi willi carbon ; 
and tlie prociiu'l \\as nnslaken lor (lie I'h inenl on .lei’onnl of ils metallic 
appearance until Woblir, in IS 10, proxed it io lie lit.imiim (*\!imo- 
iiitndix So dillicnlt is Ihe prepar.ilion of nii lallie (liainiiii, lhal il is 
doubt! Ill it tile (‘1( niiait ii.is ex (‘11 \ el been o)>[ain( d in lln pure slale 
Preparation of Metallic Titanium, 'ril.iinnm lias bi ( n pnjiaied in 

a inoie or less pure lorin in niiiiix dilb r( nl xxax s. 'I'lie iik I hods employed 
hax e included (i) Ihe ridnetion ol ]ialo^< n eompoiinds l)x nu lals or 
hxdro^in, (n) llit‘ rrdiu*! ion ol litanmm dioxuli bx e.irbon, silicon, or 
metals, (ni) tlu* I'h el rolx’sis ol llu* oxide or ollur eoinpoiind. 

llir/ehns - and Wohler red nei d jiolassnim lihim-lhiondi , K./fiK,.. 
by healimr il xxilh sodium or polassmm afbr Ihe manner ol ihe prepara- 
tion of silicon . 

i I lx dlxl’’ I 'fi , 

whilst Wohler and Dexilh ‘ passed lh< \a|>oiir ol sodium in a stream 
of hvdro/rc n oxir Ihe heab'd litam-lhioi id(‘ 

KluJiiun V(dnc(d lilannim hhadiloiide, 'fiCl,, xmMi hxdrogcn, 
wliilst J)(‘\jll( * xxas th(‘ lirsi to r< diiei this eonipound xxilh sodium, 
a reaction xxliieh Nilson and I*<*tl( rsson snbsi (pn nl lx carried out in a 
XX roiiglit -iron bomb, and so obtained a prodia*! eonlaining 1)1 jier ce'iil. 
litanmm 

J itamiim xxas obtained 1>\ Stabler and ItKliran b\ Ihe* ignition of 
the dichlonde' m a current ol lixdreeeen at I KM) (' 

‘JTiCI,^-Ti(l, I Ti. 

Wile 11 titanium dioxide is ndiice'd xxilh sodium onlx the* Ioxxit oxidi 
results, if maniie snim isunploxid the* loxxeroxide is niixe d with hxdrid(‘,i^ 
whilst aluminium, cmploMd as in the (ioldsehniidl reaction, yiehls 
only an allox .'•* 

W'hen titanium dioxide is re'diieed with siheeai Ihe prexluct alxxax.s 
contains this ehiiKiit; and rediielion xxilh eaibem alxxaxs xieJfis a 
in’odiicL cont<iinmg, besides carbon, mlie»ne u absorbed frean Ihe air. 
Meiissaid^ has cmploxed this ri.ielion m the ihclne fmnaee, hoxxexcr, 
and hasobtaimda nearlx piiie hirm of tilaniiim bx Ihe le)lle»\\ mg method : 
Artilicud titanic oxide- is mlimaldx mix«d xxilh eaibon, then diied 
and compressed m a cxlmdiieal carbon ciiieible-, wlueli is heated in 
the electric Inriiace alioxe the decomposition tenijie ratine of the nitride. 
Fused titanium is thus obtained, abovi a xdloxx laxer of ml ride, bcloxv 

* I.umpailiiis, (’itll Aniiahn, IT'iej, hi, 2.V.) 

■* J.ernit/, Crdl lintalrn, 17‘)<), |ij. Is;) 

® Vjiiieiue'lin, ./ I*ht/'>niur, 66, ’Jl.'i 

* Kose*, OtJb Ainiahn ISUI, 7^^, 1)7. 121) 

® Uc’i/cliiH, Ann /‘/n/iil. , ISJ'), 4, ,‘1 

* Wohh-r, A?iiinl(n, ISII), 73, ;J4 , ISI'I, 7^, 212, , ISI'I, 2(,() 

’ \\()lili‘i .inil Dtville*, Antniltu. 1S.')7, 103, 2*{0 

“ K'lii'liiicn, J pndi Chcni , Is 16, 42, 7a 
“ Deiillc, ('frnvi rend, IS.V», 40, lO.M 

*“ Nilson eiiiel JVlle'rssnn, Aril phii'^iknl ('Ik in lss7, i, JS . -n lIunteT, ./. A)tn> 
Chem Soe , l‘)10, 32, S.'M), {ind WViss ami Kaiser, Znht/i anon/ C/n in , lino.^t; "346, 

“ SlahleT ami Jiadiran, Ha , IDll, 44, 21)00 ’ 

“ Wmklor, lilt , 1M90, 23, 2001 
” StavenhaL^pn ami Schiidinrd, 1 902, 35, J)09. 

Moiasan, Coinpt rend, 1895, 120, 290. 
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which IS the frystaJline oxide. The titanium stilJ contains a variable 
proj)ortion of carbon, a; inch is removed by heating it again as before 
witli more oMde. Tims th(‘ metal is obtained fnr from silicon and 
nitrogen, but conbiming about 2 per cent, of carbon. I’lnally, the 
metal may be dislilh'd in tiu electric furnace at a leiiijuralure of 
about .'UOO^ (\ under alinosplienc pri'ssiire and condi'iised in miiiiite 
cryslaK.^ Wedikind has obtained lilaniuin m a high slate of purity 
by liealing tibinic o\id<‘ with ealeiiini shavings in an e\aeuated iron 
vessel.- 

IJorehers and Iliipprrlz have prepared titanium by tlnj reduction 
of its OMde })v electrolyhe calcium, the oxide Ixaiig melted m a bath of 
fused ealeium ehhiride undergoing electrolysis ; and it is claimed that 
the product is <[iiit<‘ free from nitrogiai and carlion.'’ Komgslx rger and 
Schilling^ have prepared titanium eontaimng onlv a trace of iron and 
silicon i)V the ehctrolysis of rutile witli carbon electrode^ 

Physical Properties. — Tlu* impurt* litanmm preparc'd liy lier/ehus 
and Wohler was a grey powder; the almost piin^ metal obtained in 
fused masses by Moissan’s nu'lhod is brilll(\ bnalving with a w'hite 
fracture, and sutlicuaitK frialile to be powdired m an ag.de mortar. 
It is ne\(Tth( less hard <“noiigh to scralt'h (juartz and steel. CrystalliiU’ 
titanium is iMimorphous with zirconium and silicon ; Moissan's metal 
has a density of 1-87.® riie siiccdic heat of titaiuiim is vari.d)I(', and 
the atomic heal of tlie impure metal examined by Nilson and Petlersson ® 
exceeded <>• 1< at high temperatur(‘s. as the follow’iiig tigiin s show' : 


Tein])<Tattiio fnlerval 

Spocilic llc'.it 


0(1 

0 to 100 

0 1125 

.') to 

0 „ 21 1 

0-1288 

0 18 

0 „ .301 -.3 

0-118.3 

7-1,3 

0 „ no 

0 1020 

7-77 


The melting-point of titanium is gi\en as ITOa'^ The spark 
spectra obtainable from solutions of titanium eoinpounds haw been 
studied by Pollok ^ ; .and the long-w’a\i (I portion of the spLCtnim 
has been mapped by Pieliig.^ 

The most intriLsc lines m the spectrum of titanium are as follow^”; 

Are: .‘}9t8*S7, .‘5980 OJ, ;mS-80. b‘5()« 00, TO;} tO, t081-93, 

toot -2 1. 1000 08, ,'>007.35, ,50n-.30, 5103 12, 5210-59. 

^ MfMshJin, (\miil 7(11(1, 142 , 

^ Wt-aekind, Anndlr}}, i5M3, 395 , 140 

’ Hij|)|m*iI/, MtldUi/n/if, 1904, 3(52 ct v(y/ 

* Konig'.lx'rtzcr and Zcitsch , 1908, 9 , 347 

* Soc al.sr) NWiss anrl h.iiMT, ZcUsrft nno7(j f’Indi, lOIO, 65 , 31"), and Hunter 
J. Adipr I'Vx'Mi. «SV;r , into, 32 , :{30 

® Nilsori and PriterhSDn, Zrihtfi pity'll/, al dum , 1887, i, 2S 

’ and W.dtmlMMfr, ./. 0 Wa? 77 MM Utvl AVi , 1013, 3 , 371', Zotsdi nnonj 

Chem . 1913, 88 , 301. 

» fV)lU)lf, .SVf Pror Hoy DubJ Soc., 1900. ii, ,3,31 

® Fiobiti, Zdlsrh. wdft PhoUnhcin., 1910, 8 , 73 
Exnor ontl Ha 8 cli<*k, Die JSpektren ihr Khinenlc bci iwyoKilaii Druck (Ix-ip/jg and 
Wem, 1911) 
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Spsirk: 25UM(), JW202,* 3.’)0.‘51(), 3510-00, 

3fiS5 37,*** 375f)-K).* 3000 SI, 3013 72. 11(53 00, J30.V20. J5I0-00, 
1.572 27. 

Tli(i four liu(*s asfi risked, font I li( r amIIi 37(51 5 and 3310-2, eonsfiliil.r 
tlie most prisfsieiit, i v. (Ik- iillimale spark lines ol (it.minm * 

Chemical Properties.- Til.mii'in is slahle m IIk aii,\(i\ liltleoxida- 
titm takmn ])lae(‘ t\ ( n .d |oo pjo C‘. ; ))nl it Inn ns hnlli.iiil l\ iiioxvj^eii 
at 010° (’ , rornmin 1 ifamt- n\i<lt . ami in nilioo, h at SOO"" (’., producing' 
the iniride 'I’lX. 'I’his is llu- onl\ kmiuii e.ise ol* Ninoioiis eomhnslion 
m uitronui i^as. Ily etMnhnslion in air a niivinii- ol o\ide and nihide 
results: uiiiith- is also lornied nlnii (lit- iml.il is hi alt d in amnionia 
«as. The heat of eomhnsl ion ol Hi* intlalis21 132 ealoi it s per t tjnix a- 
lenl.“ C'hloiiiK- (“oiiihims nilh filannnn al 350’ (’ , lonninn I he lelra- 
ehloritlt- 'I'lCl, ; hiomim- lonns Iht- ft 1 rahronmli- I’llh’,. al 3(50“ C., 
lodint- I’oi nis 1 lit- eorrespoiidiii^Mtuhtlt- Til ,, at a si ill hinhir li-nipt lainre. 
(’arl)on, sihetui, and hoioii (-onihim- wilh inolli n lilaniimi in lln- eleelrie 
rniiiaee; the er\slalhsetl boridts ami siheiths an as haul as diamond. 
AHoss oriilannmi uilh (‘o|)pti, 1m. non, alnnnnnmi. eliiomnim, eohalt, 
mol\ hdt-mim. .md lnni>sltii .in- known, l^ i ojilioi it- lilaninm tleeom- 
poses si earn al 700’ SOO' (*. 'rilaninm diss«)l\ts slowK in eolti, dilute 
siilphiirie aeitl, and m hoi eom-t nlrah tl h\ tiroehlorie aeitl, with e\oln- 
tion of h\tlroL,nn, and lorni.ilion, aeeordino In Mois^aii ol* Molt-t 
sohilions of s.ills ol the si stpii-o\ide Nilrie aeni •iml atpia reifia form 
filaiiie aeid. 

“Till whole of (In properlits of tilaiimm Ihiiil' it elearl}’ near to 
the mt-tahoitls and nion tspeeialh lo silicon " uMoissan •*). 

ATOMIC \VKr(;nT of Tri AMUM 

Tile t arliesl aeeepltd \ .ihies ft»r the alonm- wt loht of tilaninin were 
in.'ieeiirate on aeeonni ol imptrftel .inaKlital imllit)ds. "Ihns Dalton, 
m ISOS, o;i\c (ht- \ahit-3'i - 10(0 7). wliilsl Ih r/t hns in 1S13 sng- 

K(‘sLed the miinhir ISOl 0 (O 100) or 2.ss 1(5 (() -1(5) That the 
atomie wei^dil tiflilannim miisl he ol lhet»rd<rof IS is cMth nl from file 
followint' eonsitli ral ions : 

(1) 3’h(* sjHcilie lu-at of the im lal ht Iwtt n 0' C. and I 10 C. ranjjes 
from 0 112 lo 0 1(52 Assnmino a im .m aloniie In.-il ol (5 I. aeiordniff 
to the law' of Dnloiiir and Petit,' the alomie wei^jhl t»f iitannim must lie 
between ,57 and K) 

(2) llnlih is isoinorphoiis w ilh eassilt rile (SnO.j) ; and llnot itanates 
are isoniorphons with llnosiht-ales, M^'.SiF,,, llno/ireonates, M^'/rF^,, 
ami tluostannates. 31 /SiiFf,. Frtmi Mitseht rlieh s Law ol Isomorphism ® 
it follows that the formula lor rnlile is 'I’lO,, whilst llie j^t-mral lorinnla 
for fliiotitanates is M/TiFg. Now' analysis show's that each ol these 
f^rain-nioleenles eontams approMinafely kS grains ol 1 itannim. This latter 
W’ujrht, therefore, is ap])rt)Mmal( ly the alomie wt i^dit of the element. 

(3) There is a space in the fourth fjronp of flu Ptriodie 'I’ahlt- (see 
Froiitispieci*) for an eh im-nl of alomie weij^hl 1\ ini^ hetw'ei n 1-4 and 51. 

» Pollok, A’ci. yVoc Rot) Duhl .Sor., 1909, II, :?:51. 

- Wfiss and Kawer, ZrU->ili ntwnj ('hem , HMD, 65, .‘515 

3 Momnn, The Electric Fm n>h> ,^\\\;, otln. (Aiiiold, l*MM), p. 181. 

• See this seiios, vol 1, p 94 

* See this scries, vol. 1, p. 71. 
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The chemical and j)Iiysical properties of titanium indicate that this is 
the element r(‘<pnred saLislactorily to fill the ‘(/ip. Jndirni^ by compari- 
son of (he dilTerenees between the atomic wei<jlits of other adjacent 
cleinerils in the table, the atomic wciffht of titanium should apjiroMinale 
to IS. 

'I’he anal vl leal invest i<,fati()ns on whieli the atomie weii^IiL of lilamum 
is bast'd f.dl into two eatt'f^ories : (i) the work of Ber/eliiis, II. Uose,^ 
Mosander,- and Denioly * from 1<S13 to ISM) ; (n) the ^^ork of 

TJiorjie,'* lSS;i ISSa. 

E\eej)t for tiu' early work of Ber/elms, and tliat of 11. Hose m 1S2:5, 
who prejiared the disulphide T1S2, and eouvtrted it mio the dioxide 
TiOj, till' proec'sses adopted hav<‘ eonsisteil m hydrols smi^^ tlu' piirt* 
telraehlori(ie or tetrabroniide with water or alkali, and eslim.ilmjr ||ie 
titaiue oxide and llu' hulroehlorie or li\drolm)nne acid produced. 
The tifame oxidt' was (‘slimattd b\ Thorpe liy deeom|)osmi; the lelra- 
halide with water in a platinum or poreilam disli, aeeordm^r to the 
reaction 

TiXi 1 - 311 . 0 -- ‘ Il/L’iO, -I- MIX, 

evaporating with anunom.i, and then i<fintm<f and wi i^dim^r the rc'sidue. 
The halo^n-n ludraeid W'as estimated by hydrolysmir tlu' tilamiun lialidi', 
allow’uii,^ (he solution to stand until it was eli ar, then ('itlu r jirieipilalm;,^ 
neiirh all the halo^^vn with a known weijxht of jaux' sihir dissoKed m 
nitne aeid. and iimslumr Hu* estim.dion bv litratino with eentinormal 
silver solution, or by adding exetss of siher solution and wei^^ilnn^; tlu' 
silver halide precipitated. 

The results of Thorjie aloiu' are aecetited m eoinputinj^ the atomic 
weij^ht of titanium. They are as follow's : 



Ratio 

Alorme Wcsglit ot 
'raaiiiiim '■* 

TiClj 

lAir 

0 1:J‘)‘)7 : 1 

IS 03 

TiCl , 

1 \-Cl 

0 331 It) . 1 

I S 0(1 

TiCl, 

TiO, 

‘23712 .1 

IS Ot) 

TilJr, 

l-Air 

()cS.5‘23l.:l 

IS-1 1 

Til Jr, 

tAi,dJr 

0 lSt)(M : 1 

\ IS ii> 

TiBr, 

TiOg 

- 1 .5t)3l : 1 

IS ()() 



Mean \ahie 

I S 00 


The mean xalue adojited by the International Committee on Atomic 
Weights for 1017 is 48’1. 


^ R0.S0, iUlbert's Aiuuthn, 182.'t, 73, 141 , Piujg Annahn, 1S2!), 15, 145. 

2 MosiuidiT, Vuffg Amuilen, IS.lO, 19, J12. 

® Piciic, Ann c)nnt /7a/v , 1817, fiiij, 20, 257. 

* iXiiioh, Animlttt, ISli), 72, 215. 

^ 'J’horjK*, Tmns. Chem Sor , 1885, 47, 108. 

• ThP‘<f' aie not tho ti}?uica given by Thorjie, but have been reealeiilated liom 
the values of Thoipe’s ratios, using tho modern atomic values, 0 - 10, Cl — 55 457 ; 
Br = 70 910 and Ag = 107 880. 
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COMPOUNDS OF TITANIUM 

Tho nl.ilK.i, of lilnMium 1o other elemuils of lli.' roinlh ond oilier 
poups h;is h((ii fiilK iIimmissmI hi thu ml rodiicloi n cli.ii.ld- II ^\ill 
l)(Mis< hilt(>srl lorllilun (Ik I \ p. s nruum|.n„,Kl l.,rm. d 1 ,v I Iik < I.m.k nl , 
since hes(‘ are Mirnd, m .lecord.nuv vmI|, ||h I., el llud lil.-miiim i, av 
show 1 ) 1 -, l< r- or fpiadn-\ al( ne\ . 


h 

h 

'I'ln 

'1 It 1 . 

ill , 

'Id',. K.'I’il',, 

'In 1 . 

'I'f’ii. iMid/rn'i,., 
'ht’l oil . 

’ii‘ i.foii)/ri( '1(011), 

'1 1 .( »■( 1 , 

'Id. 

'Ida . 

'ld;i,.(MI,),'ldti,„ 

111 l.ia ..'l.l'IUr, 

'Id 

'I’ll, 

'inoiD,*' 

' '1 1 .( > . 

'I'lO,. 'll(0||)„ 


'htoih. >11 .0 

' 'liOioih,, 

'I ll. lit. ill's 

'hs 

'h s, 

'I’lSj 

V 

Ti.fSO,),, 1 id ind 

I liNO d ’ * b.is'O 


doiil.li* s.di-'. iii< l.ul 
in^ .III duiu 

ilild diiiible s.dls 

— 

’\i\ 

'liN’i 

■ — 


— 


Ilaluli <4 


, 111 . 

()M(l(H and liO, 'IhOII) 


Sul|ilnd( s 
tSulplKltC'J 

Isitiidort 


iSnpcroMdo 


TiO.ui , TiO nil ,1)01 'li(nll), II .(), 
r II.O, 


TITANIUM AND FM'OKINK 

The Fluorides. Tdaiiiiin) dilliiondi' is imknown , I Ik* In- and telra- 
flnondis are wc'll-known snhslanees winch Lji\e rise lo cdriesponding 
coin])Iex sails. 

Titanium Trifluoride, TiF. Winn Idanimn is dissohed m Indro- 
Ihionc acid (he (< Irailiioride alone n suits, hid IIk Inlliioride is Idrmed 
as an insoluhh moIi t powder wIkii jiolassinm I il.iiiilliionde, K.TiF^, is 
ilTinted in a cum III of li\ droije u,‘ or when I Ik s.uik sul)sl,m(‘( is reduced 
in solulion with /me and livdrochlnrie acid.- or 1 )n sodium amali:ani ^ 
I h(‘ coinpU'X sails (XII j) /riFjj and (Nil ,) /Til'',, li.i\i lx < u ohlauud*; 
and the lal ler appears (o he isomorphons wilh {NIIJjCrF, . (NIl 4 )g\FQ 
and (XIip,Fi*F,.. 

Titanium Tetrafluoride, TiF,- Impure (il.mmm h Iralluorule is 
formed w'hen ma«riK*siuin lilamlluorKle, Mir/riF,..'* or llie com spouding 
barium salt, HaTiFg,® is decomposed by slrong lumlion ; bid it, is 
best prepared by oiu* of the three lollowmg milliods: (i) Ihe action 
ol fluorine on lilaiuum, (ii) tlie aelion ol aiihwlroiis ludroge n fluoride 

* Weber, J.'putU ('lit til, lM<*n, 90, L'12 

^ tSttzuiiij-^hi t K Ahml It Ms Ilnhn, ls7l. ‘l')0 

Von dor Pfordten, Aunahn, lsSii-7, 234, '17u , 2^7, JOI 

* Pircmi, ('han Zctilr , ISJlIi, i, 470, PeteiHtn. ./ imiLt Chun, 1889, [iij, 40 , 44. 

® Mangnac, Ann. Chtm l*fn/s , ISliO, |iii]. 60, 'J57 

® Eniich, Momihh , 1904, 25, 907 
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on titanium, (iii) the action of anhydrous hydrogen fluoride on titanium 
tetrachloride at 100°-120° C. ; for, owing to tlie high volatility oF 
hydrogc'u eliloride c-umpared \\i(li Jiydrog< n fliioride, llie rcaelioid 

jiiK \ TlC\^ -TiF, I mn 
proceeds m one diriThon only. 

Titanmni tetrafluonde ® js a colourless mass liaving a density 
2*79S at ‘JO-o ' C. It boils at C. and at Ul° C. has a v apour densily 
of Gl-5 (theory - (>‘2*05). It is notew’ortliy that tlie boiling-poinl of the 
fluoride is al)()\ (‘ that ol the ietraehloride, TiCl^ C.) ; Ihis probably 
indicates that the former is polymerised near its boiling-[)oinl. Tins 
differi'iice betwi'i'ii the teiralluonde and tetra(*Jilorid(' is m marked 
contrast with that bdw’een tlie silicon halides, SiF,|and Sit'14, .ind the 
corresponding lialuh s of other non-metals and metalloids, and relates 
titaiuiiin to th<‘ metals rallur than the nudalloids. The saline n.itiire 
of the fluoride is furthe r shown by the* faet that it is liN groseeipie. anel 
forms a cle'ar solution m water, which de'jiosits the h\(lr.ile TiF^lMI^O 
on evajioraliem. With alcohol the eompound TiF^.FoIl-/)!! is formed, 
and with ammeima the compound TiFi^NII, ; hut, singiiljirlv, it does 
not combine direct Iv with hydrogeai fluoride, allliougli the sails M/fiFg 
are so we‘ll known. Boasting with sul[)hurie aeid eon\eTts tihiiiium 
tetra fluoride into lilanic oxiele*. 

Hydrofluotitanic Acid and the Titanifluorides. -II\drolhiotitanic 
acid, lI^TiFg, is not known in the pure stale, but is foriiud m solution 
when titaiiie eixiele* is dissolve*d m aepieous hydrofluoric acid, the heat 
of solution being ; 

[Ti(011)4, 61IF, aq.] = 30,900 calorics.'^ 

As a re'sult of this reaction the solution incre-ase's in e lectric eeindueln ilV' 
since hydrofluotitanic acid is a much stronger acid than h\ drolluorie 
acid. 

Nume'rous titaiiilluen’idcs are* known which gi'ii r.illv eorresponel 
to the tvjie M'gTiF^ and are isomorphous with the silie*i-, zireom-, and 
stamii-lluorides. 

Titaiiilluoride's diffe*r from silicifliiorieles in their behaviour when 
heated wuth concentr.ite d sulphuric aciel ; for, owing lo Ihe comparative 
non-volal ihty of titanium teiralluonde this lalteT eompoiiiul is not 
vaporised, as is siheein telralluoriele from a silicifluoriele* under similar 
conditions, but the* titanium is conv(*rtecl quantitatively into titanic 
oxide. On this aee*ount titanium te'trafluoride camie)t be pre])are'd 
by heating calcium fluoride and litame* oxiele* with sulphuric acid. 

The titanifluorides are forme*d by the union of their component 
fluorides,^ anel, like* various other ceanplex salts, are characterised by 
sparing solubility in w'ate'r. 

Potassium Titanifluoride, K^TiFg, is obtained crystallise d in lustreius 
leaflets when potassium hydroge*n fluoride is added to a seilutiein eif titanic 
oxide in concentrated hydrollueinc acid, and it may he re*crvstalhsed 
from hydreifluoric acid.® The hyelrated salt, KaTiFg-IL^O, separate's 

1 RulT, riato, and Graf, Ih r , 1904, 37, 673. 

® Ruff and Ipsicn, Ber , 1903, 36, 1777. 

* Thomsen, Fogy Annalen, 1870. 139, 212. 

* Berzelius, .4/in. Phyaik, 1825, 4, 3 ; Maiignac, -4??^. Chim. Phya , I860, [111], 60, 267. 

* Marchelti, Zeitsch. anorg. Chem , 1895, 10, 66. 
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in shining scales when potash is adtled to an iKiiieoiis solution of li\dro- 
fliiotitanic acid. It loses its A\aler at 100° and nulls al a whiti* heat 
without dcroinposilion 

The solubilily of polassmm hlanilliiorah in water is as follows ' : 

Tempera Lure “ r. . . 0° .T’ (> ’ 10 1 !■ ‘JO’ 

Grams of KoTiFg in 100 

grams II 26 . . o r,;! 0 07 0 77 0!)1 101* 1 ‘2S 

Sodium Titanifluoride, Na /I'lF,,, is pnjiand snnil.iiK lo llie polas- 
sium salt,th.'in winch it is more soluble in wabri.'/ K.PiCl,,; \ad*l(’l„). 
Na;,irriF„ also is known. Two ammomnm saiN .in kiieiwn (\II ,) .'I'lFn 
and (NIbdjTiF,. Nnnurons olln r lilainlliiorule s li.i\< bee 11 de scribed,- 
inclndmg lliose of all the alkali me lals, manni siiini, Ihe alkaline earih 
metals, eo])])er, zme, fe irons ire)n, nickel, eoball, mangane‘se, and 
cadmium. 


TITAXM'M AXl) C'lII.Oll IXK 

Chlorides. — Tilannim hirins di-. In- .inel le liM-e*lile»rieles, and the 
latter ce)iupounel gi\es rise tei eeniijile \ .inel basic sails 

Titanium Dichloride/rd'lo. lirsi pre pare el hs Frie ek I anel (ine'rm,'* 
W'ho heated tlu‘ triehleiriele* to a red lie.il in .1 e iirn nl of liMlvoge'ii, lliiis 
decomposing it mte) llie le Ir.ieliloriele . wln(‘li disl ilk el. .inel Ha eliehlonde, 
W'hich romaiiU'd behind, \on (ka Plonllen * however, nelneeel Ihe* ceild 
tctrachlorid(‘ with sodium amaluMin or livelniirt n snl|>lnek. anel elislilh'il 
off the imehange’ei le Ir.ielileiriek' m a enm nl of e’ailxm elieixiele. Slahler 
and Ihiehran ® have eibtanuel llie diehkuiek* iie.irb pure by be ating the* 
trichloride at COO’-TOO" V. in an atmosphere e»f liv elreegen : 

‘/rit’l^ TiClo -! TiCI , 

The dichloride reanams after the \ olalilisal ion ol llie' le Iraclileiride as a 
deep black jiowder which be '^ms le) sublime at 000’ t' in a v.uamm. 

The ])rop(rlie‘s of the* dieliloriek* Ji.ive* be-e n v.irionsly de'serilx'd. 
Aeeording to Fneelel and (hierin il is a brown powd. r which de composes 
water and .ileohol, cNohing ludrogeii an<l lorniiiig .1 mIIow' solulmn ; 
W’hilc, according to \on de r IMonlb n, il elissobes inie'hange'el in these 
S')lv(“nts, forming \ellow seilnlions winch giMehialb oxieli'^e* in llie air. 
It is insoluble in nun-hvdreiw he se»l\e“nls a l.iel wliieli sngge-sls its 
saline characte*r ; it burns m the air, (\ol\mg lilainimi ie'traelilondc 
vapour and Ibrming titanic oxide; it eeunbines wilh hroinine* le) iorrn 
a chloreihromide*. A saiisfaelory b si for hivaknl lil.innim is llie 
formation of a a ioh't colour, due lo 'I'lCl., when il is ini.xe'el with a 
hydrochloric acid solution of lilaiinmi te lr.iehkiride. ' 

Titanium Trichloride, Ti( ’is- -Titanmintnehlonik was first obtained 
in the anhydrous state by Kbehne*!!,’^ w’lio ])assed a mixture of the 
vipoiir of the le'trachloride* and hydrog« 11 Ihrongli a re'd-hot tube and 
fo iiid the trichloride* dejiosited m the* cokl p.irl ol liie* tube*. Large 

^ Mangnac, Ann. Chun , ISOii, [iv], 8, (»>. 

* Emich, Monatsh ,1901,25, 907. EnucMoicln‘n, hih,n><rhe Uorhsrhule» 

Berlin, 1903: Weber. J. jnaU Chem , ISGt, 90, 212, (Iossimt, litr, 1907, 40, 2372. 

* Friedel anel Gneiin, Ann Chim Phyt , 11j 7(), t'^. 7» -*1 

* Von dor Pforilten, Annalcn, 1886, 234, 2o7 ; 1887, 237, 201 

* Stabler and Bachran, Bcr , 1911, 44, 2906 

* Ebelmen, Jahre^het , 18t7-8, p. 402 
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quantities of titanium trichloride have been j^rt pared by Gocrjres and 
Stabler^ aeeordmi^ to this reaction, by tlie eniplovmeiit of a porcelain 
tube lu'aled eleelrieally by means of a wire spiral w’llliin it and cooled 
exLernallv by w'at(r The reaction be<rau abo\e (iOO^ (' , at 7S5 ' (’. 
th(' pireentatre deeoinjiosilion was 21 7, at 1200' ('.it was Tlu* 

trielilorul(' is also formed wh<u lh(‘ leliMcliloride is lu.iled in a sealed 
tub(‘ w'lth r<‘diie(‘d silver ^ at ISO' 200^ (\ : 

Tin, !-A-----Tin3 + Aen, 

when th(‘ same substanc(‘ is laated with mereiiry,* and when eleclric 
sparks ‘are ])ass(d throiif^h a mixture of the vaporised tc traeliloride and 
hydro^rrn. Titanium trichloride is produced m solution by ridnemir a 
hydroelilone acid solution of the t(‘lrachloride w'lth /me, or tleetro- 
lytically/' The anludrons trichl()rid(‘ forms dark \iok‘t. scabs which 
are not \olatile, but when heated to l-K) ('.« decompose into Hk tdra- 
chloride which is vaporised, and the dichloridt* which remains la hind. 
By passnifT ihe sihmt clcclnc disehariri' throujrh a mi\lni‘e (»f titanium 
tetraehhn’ide \a))our and h\dro<r(.ii, Bock and Mosc r obt.iiiK'd a brown 
snbslanee, which appi'and to be a labile, allotropie form of the tri- 
chlorid(‘. since it chanjfisl into the (mhnarv foim of the l.iller when 
heal('d in a \aeimni to 150' 200" C. Th(‘ reaction is not leversible, 
the brown and \ lolet trichlond<*s bemjr monotropic modilical ions. 
When the trichloride is luated m air lh(‘ tetrachloridi' vaporisis, and 
the residiu’ tluai consists of the dio\id(‘. Th(‘ trichloride is di h(|n( sc> nt, 
and forms a rt'ddish \iolet solution with w’ater, whilst its alcoholic 
solution IS irn‘(‘n. 

From h\droehIonc acid solution titanium lrlehl(>rid(‘ siparates 
m vioh t cr\slals of the hexahydrat(‘ T1CI3.OII2O ; it is thus obtained 
bv th(' < h'ctroK 1 1C reduction'’ of th(‘ tidrachloriih*. Wluai a (‘onecn- 
trated aipieous solution of the Molet h\drat(' is coven d with a. layer 
of ether, and saturated w’lth hydro^rtai chloride while it is k(])t cool, 
an unslabl{‘ jrrecn hvdratcd form," TiC'l , (IlLO, separates m crvsials, 
which are reconverted into the violet form when the excess of hy- 
drorren chloride is washed out with etlier. Thus tilamuni trichloride 
resembles the triehlorides of chromium and vanadium m (Xistin^ m 
two forms 

When hydrogen chlornlc is passed thronj^h concentrated aijiieons 
solutions of titanium trichloride with the correspond 11 alkali chloride s, 
the double salts, TiC’l <.2Kb(’l.Tl20 and Ti('l3.2CsU.I l_,(), separate.'" 
They arc <^reen, but v u Id violet solutions owiiiff to tlissoclal ion into 
tlu'ir component salts. 

It was observ'cd by Kbelmen that titanium trichloride is a powcTfuI 
reducing a^ent, as shown bv^ its action on salts of cojiper and iron. The 
capabilities of this compound as a reduem^r aj^ent have beim exhaiistiv’cly 

'■ (Joorurs •■md iSt.ihlor, lirr , 19011, 42 , .’tJOO 

2 roedcl and (iin'iiii, (Umpt rend , lS7."i, 81 , 880; 1870, 82 , 500, 072 
■’ Thoipp, ('hem Nort, 188.5, 51 , 200 
* Emu-li, lier , 1805, 28 , 158.5 

® Pfilidori, Zfihch anorij Chnn , 1800, 19 , OOO , vStahler, Ber , JOOl, 37 , 440.5. 

•’ (J(){'r^;os and Stabler, loc. nt 
’ Mosd-, Monatdi , 1012, 33 , 1407 , 1013, 34 , 1825 
“ Spence and Sons, IKB P , 1.54,542 
’ Staliler and 'W'lithwein, Bcr ^ 190.5, 38 , 2019 
Stabler, Btr , 1004, 37 , 4405 
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studied by Kiiechl .‘iiid IliblnrtA who liiue divised .i iiiiinlur of 
volniuelne ])r(>e( ss( s di |)< ndiiiir on its us< 'I’lie n .iir* iil is pn p.in d bv 
diss()l\inLj llu iM( l.d in )i\ dr<)(‘li!oi le .i(‘](l. or b\ iin l.illie or v 1 ( el ioI\ I u* 
rednelionol I Ik* b'l i.ieliloi idr . il in.t\ now bi pin eli.ised in LM) pi i e( iil 
oils soliilutn. Winn .1 diliib n<puoiis soliilioii oi' (i(.iiniiiii Iri- 
clllorule, wlneli is \io|(l, is i \ posed lo tin Jiir ils colour I'lidi s, .‘iiid 
iitaiiK* li\dro\ide IS nr.idii.ilK pr< eipil.iled , llu piiMiiei of siillieu nl 
li\ droeliloru* aeid, liow(\(i\ pis Mills lln^ pi i cipil .il 1011. Til.iniiini 
Irieliloiide IS a ni(»re powtiliil ridiieinij aia nl lii.iii sljiniioiis diloridi. 
and ilie iollowinir ndiu'lioiis are i lli ch d l)\ tins nbslaiiee eonei iihaled 
mine acid, wilii moKiiI a(‘li(»n. lo inlroiis rmnis and .inimom.i . dilnb* 
nitne aeid, in pnsinei of iiMlnu'iilorie aeid. lo a slaLT'* mb riin di.ile 
bel\\(“en mine .md mlroiis o\id< s , (*liloi.ibs and pi lelilorab s lo 
elilondi s , b\drot(<n pirosidi* lo wabr. pt 1 siilpliab s lo snipliabs; 
siilplinrons aeid lo li\ posnipimroiis aeid ( I i ,S^( ) ,). wliieli is llnis eoii- 
vemeiilK jiripai’id, bine sails lo brronssald eii|)rie salts to enpions 
salts and eo|>p(r, iiniemie eIilorid( b> miienroiis eliloride. only nii 
boilmi;: eiiioniK* and piimanuaiiK* aeids lo eiiioniie and niaiiiraiions 
sails 'rill ns(‘ of lilanmm Iru'liloi ide m (|nalilali\ t aiiab sis, on aeeonni 
of ils eliaiMcb rislu* n aelioiis, is n eomm< ndi d bs Momin r - 'I’ll.minm 
Inelilondi naels willi a jold solnlion like slamions i liloi idi . prodneiiii,^ 
eolloi(kil i^old. aiialo'ron-. lo pm pie of ('as^lns I’liis naelmn will 
di'leel OIK pari ol j^mld m I wi nl \ million pai I s ol w.ibi ' Man\ orirjime 
snlislaneis also nndii^o inbnslmii lednclioiis ni pr< si nee of lilamum 
Inelilondi 

t’or \oliiniiliii* <nial\ ^is ^ llu (oimiKiu.d solnlion ol lilanmm 
Inelilonde* IS dilnb d IwuiIn 1 inn s and slori d mihIi 1 li\dio<fiu II is 
si aiid.irdisi (1 b\ imans ol bine solnlion wilb wlinli il iiaels ijiianli- 
biliMlv Urns 

TiCl. i I*.(L Ti(l,-1 I'.d, 

The { nd of llie n act ion is show n b\ snlphoe\ a nidi or nn I h\ li m -blue 
solnlion nsid a. an < \b rn.il indiealor 1’ilaninm hnhloiide solnlion 
niiU be (inploMd for isinnaliiiii not onl\ non bnl also (“oppi r, Im. 
eliromnim, h\ di o;.fi n pi ro\ide ehlor.ib s, pi i chloral es ml i ab s h\ dro\yl- 
.iimne. ii\ jiosnlphib s (b\ drosniphib si, and nnimion' orn.ime eom- 
poimds, mehidiiiLj (Im - si nfis 

Titanium Teti’achloride (7’//nn/< ('hlnuiU). 1 1 ( 1 1 lilamnm .ind 
ehlornie ('ombnn wlnii luabd lomllnr lo ‘JaD ( lormniLi lilamnm 
b llMchlonde. In place of Ihe jnire nn bd lli.d eoiilaimn^ carbon,^ 
or the earbid' ma\ bi i mploM d 'I'liis ehloiidi is also I'onx emeiilly 
jifi pai’i d, hki noii-iiK I allie ehloridi s. b\ jiassin'4 I’liloiini o\ i r a In aleil 
nn\lnre ol' lil.mie o\idi and carbon, .is wi II .is l»\ b adiiiLj tin \ aponr ol 
carlion lelraehlonde or ehlorolonii omf the luabd dio\ide. lorro- 

‘ KiicHit .mil IIiI.Imi* Aoe tu \o!fn/»tn. Jz/w/z/sm (Loni'm.wis, 

’')]()) 

‘ Mnmiur, I mi c/ilin tinil . inl“) 20, 1 

’ St.dilei .111(1 IJarlii.m, fin , l‘*ll 4.1. 

’ Kiifilil .iml Ibbliiil. lift, I'lnJ, 36. 

Kiici'lil 5111(1 llilili'-it. fin , 19 M, 43, .'{111 

“ Kiiielil aiiilllil'lM It. \//( I{(d}nf,nii >i'] »hini> It i< I//- ///m^ (hoii^lMnns, I'lKp 

MVeliler, I.Sl'l 7^. :;i lS.'in,7i, JIJ . . o 

« Moissan, <\wtpf intd, 120, inn, .Sl.ilihi. Iln , I'liU .37, 410 >, I'M).,, 38. 

2611 ) 

® Hin/, Iltr , 11)01!, 39, 211) 
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titcaniiini may also be used as a souree of the tetraehlondcd Most of 
the iron is lirsl removed bv livdroelilorie aeid, and the residue is luated 
111 a |)()re» lam (nbe ihrou^di whieh ehlorine is jiassi'd. Firrie ehloride 
eondensi s in llu eooli r parls of Ihe Inla*, ami lil:inie ehloride is obtained 
by liirllicr eoolinif and Ihen iV.ielionaUd. In anollur jiroeiss rutile 
is n (bleed b\ alnniinnim ac^eordniif lo Ihe (ioliNi liiniilt reaelion, and 
tile jirodiiel healed in a eiirnnl of ehlorine : llu' eriide litanie ehloride 
thus obliniud net'ds to lx* separated bv iVaelion.il ilistillalion from 
silicon (( I r.ieliloride, derived from the siliea of tli(‘ nil lie. 

Tilaiinim lelraehlorid(‘ is a colourless, mobile li(|ind of (busily 
l-7()()l- .it 0 (’ and 1 .■)22‘2 at its boilma-point It boils al l.‘>() I (’. 
umbr 7(10 nini jiressiire ('riiorpe), ils erilieal tempt railin' ^ is .‘l.Vs 
at low It'inpe r.iliire it forms a solid mass wliieh melts ''' af -- 20 C. 
Tilt v.ipoiir (bnsilv was found by Dumas to bt' (> .S.*>(i (air - - 1) or 107 t 
(() 10), Ihtorv rKpiirniL* 100 m tlv' l.ilU r e.ise. 

'I'llamimi b trat hloritb' has a peiu'lralmix snu 11, .ind iiiiiK s i \ei s- 
sivt'lv m nioisl air. Wilh wabr it forms a striis of o\\ ( liloridi s 
Ti('l Oil, 'ri(‘L(()II)j,, Tit'l(OlI) , , with i'\ei ss of wabr 'ri(DII)j is 
forme el; ne \ t rl In It'ss tilannim b Irac'liloride' dissolvts m wabr wilb 
(vobilion (kf eonsiderable lie-al, IIk' livdroelilorie atad leeiiiud siinnlta- 
111 oiislv w ilh the' III a me hydro\id(‘ sulluan^^ to re dissolv t' I be \ eeluniineais 
pre eijiibile of Ti(()II), first fornu'd.’ Aecordiiiy to 'riiennsi n ” Hit' 
heal (\ol\(d b\ Ihe sobihon of 1 inoltenh' of 'riCl^ m 1(500 mob eiib'S of 
wabr at 17' (' is .>7,S70 e.ilorie's. In its behaviour towards wabr 
tit.iniiiin te tra(*hloride stands bitwei'ii tlu' te lr.K'liloride s of silicon and 
till. 

Sodium aniali(am al ordmarv l< mpi r.iliire rediice s (lie te traehlorub* 
to (lieliloritle, hvdrojreii at nd be.il reduces it b> Ihe Irielilorkb'. 

Titanium Oxychlorides. - In additiem lo lla b\ elmw eble>riili s 
me 111 lolled abov''. s(‘\(r.d o\v eblorides of lil.miuiu h.iv e iie'i n pre p. ire d 
111 Ihe' drv wav : for ('xampb', bv tlu* mt('raelie)n of Ihe' b liaebloiiile 
and Uk' dioxide, .md by Ihe action of carbon btraehloride' on Ti()„ 
w'lie n a v'e Ilow'. ( r\ si. dime o\v elilorieb' re sulls. 'Froost, ;ind Il.iut e f- iiilb' 
oblaintd a solid of Ihe eompeisil ion 'IV/ljCI, by passinii a niixliire of 
o.w 1,^11 and 'PiCl , \ apour through a red-hol I ub(‘, .md Ibairion ol)! ained 
ave'llow hepiid, supposed lo be an owebloneb. bv eaiisinj^ chlorine and 
suljihur monochleiride to inleracl with iifiuled TiOj. 

Compounds of Titanic Chloride, -'rilanie cliloiide' foims niinu roiis 
addilive conijiounds. the elm fed' which .ire* lure* eniinie r.iteel : 

II(l(horhl(»nfilan}r Avid, II/ri('l,,, and its Sidfs. d’ltanic chbiride' 
dissolves 111 coneenirabd b\ dreichlorie* acid, fonnmir a v e lbevv bepud 
which coni. mis liv'drocblemilitaiiK* acid, Il./ri(’l,,. Amnioniimi lilam- 
chlorub', (Xll ,),Ti( 1 ,, 211 X), forms m vellovv crvslals whi n the' tliio- 

* \ ii;{ mum anel Ain\.iiit, HuU Sik dtnn , 11107. [i\], i, 11) 

KIIh, Cfion 11)07, 95 , IliJ 

'' Tliotpe*, /'/iw lintf Sn< , 1 S 7 ( 5 , 24, , Tunis ('hem Sor , IsSO, 37, I 4 l 

* (Jeilelhe'i^r, .1/u; Tliifslk iW , ISSH. 7 , IMO 

® Kniu'li, Moutilsh 1004 . 25, 007 

* Kemie^ .mil vun elm I'fiaeltm, lUr , IXSO, 32 , NS.l 

’ Knw.ele'WsKv, Zo/m/i amrg Chan, 11)00,25, 101). 

® 'rinmisi'n, /’of/v \inudrn, 1S70, 139 , 212 

® Tioi)'«t . 111(1 llaiitctciiilk', tnid , 1871, 73 , reG-l 

Hounon. Com/)f’ raid, 11 ) 07 , 145, 02 

“ Kt)\\.\\v\\'4.\, Zntsch anouj C7er//j , 11)(K), 25 , ISO, Kosemheim anel Schutte, Ze,e/.'er/i. 
anouj Chan . 1001 , 26, 231 ) 
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rctical <|iiantity of innnioniiiin (“hlfjrulo is shaken with tlie hydroehloric 
aeul scdiitioii of lii.iiiniiii t( liMehloiide , pM’idiiie, (pnnoliiu*. and .inihne 
form similar cdinph \ salts 

.idditton C(nni)<nnid\ e/ Tdannnn Tdnu hhnidr. Ihsidis li\dro- 
ehlorotilame .leid .ind its sails, (ilannim inrnis nniiK rons addilion 
jirodiicls ^^lth ammonia .md ollur h.i'-js, .is will .is with \anoiis .leid 
chloiMik s. 

\VilJi ammoni.i tin re* an* lh(‘ eomjxumds 'I'lCl j .sNII p'md TiCl 
and ])(Tliai>s TiCl^.lNII,d 

Ihe comjionnd Ti(’l, sMI , is loiiiKd .is .i \i How powder - when drv 
ammonia naets wilh (ilaimim h Irat him uh siispiiidid m dr\ illitr, 
and .also when llie h Ir.iehlondi is shaki n lor Iwihi hours with iir|md 
ammonia It is nnsl.dile, is .idil\ lov mi^Mip .mmiom.i 'I'lu eompoimd 
TiC’li.dNI !{ ri‘snl(s will n jrasi oils .immoiiia n.iels wilh (In It Ir.iehloride 
vapour; il is an amorjihoiis, d.irk sillow |)owdii whieh m presi net of 
a little nioisliiri is n adil\ h\ drol\ si d, mi Itlmi^ I il.iiiie .leul. .mmiomiim 
ehloride. <ind ammonia, laipiid .immom.i naiHs with iiiher of liusi' 
com pounds, n n liliiii; dark \ i How tilan.iimdi , 'l’i( ML),, and animoiimm 
chloride. 

A pM’idiiH eompoiind,’^ 'I’lCl , ,\, i \is|s, .maloiroiis to the 

ammonia (‘ompomid of siiml.ir eomiiosihmi , .itid eompoimds with 
aeid chloridi s, siieh .is TiCl ,.P()('l Ti(’l , ‘JlH )( I,, 'I d I , IH I ,, ’I'lCl , l»(’l„, 
as Will .IS additive eompoimds with nimu rons l\|)(s ol’ orLiame eom- 
poniuls, an known. 

Oi’i^.iiiic snhsi if lit ion products of hl.iiimm h I i.n him ide have luin 
])rc])ared hv DiKhev ‘ .mil his collahor.ilors 1 nr i \ iiiiph', ai*il\l- 
met hv laei foni* (oriiis tho compmind jTi(0( M' ( M( \(*) ,( I 'I'lCl , or 
[Ti(()('M'‘ ('M' \c) .| /rd 1,,. .Siuh compoiiiiiU .iie eillid lil.moimim 
salts; .and I In re i msI coin spondmi; siliimmim .md hormiium (‘om- 
jioimds. 

HROMIDKS or TITAMLM 

Titanium dihromidc is unknown, hut 1hi In- .md li Ir.i-hromide 
exist. 

Titanium Tribromide Hexahydrate, H'lMr. (HI ,0. si p.iraii s m violi I 
(TNstals when a solution of tin li li.ihromide is ridiieid i h el mh 1 lealK , 
and Ihe solution is lliui satura'id with livilmiriii Inmmili.' It is 
less stable than tin corn spondimr < hlonih . md di li(|ii( sn s in the air 
forming a brown. rnmniL'^ tnpnd 

Titanium Tetrabromide ( / d<iiiK' Itioii/nh). Iibi ,, is s.iul lo lie loinicd 
when bromine v.ipmir is p.issid o\<i .i nil-hot mixlnrc of titaiiie oxide 
and carbon.*’ but is pnpand b\ tin aelimi of ij.isi mis hvdroLaii bromide 
on the heated chloi idi ’ Il is .m amb« i-eolmin d liv trroseopie, ( iv stallme 
substanc(‘ of deiisit \ 2 (J ; it units. at .‘V) t . and boils at 2.50 (.**, with 
ammonia it forms 'I’lllr, sNII and it is liv droh si il bv w.itir, torminir 

‘ I’osfMilli III! .iil'l OimK/ ( }•> m , I'.IOl zb, .i.ii) 

- St.ililii .nut \\iilIn\MM />. / . I‘in.">, 38, Jtilll 
‘ Rosciilit nil anil SilmlU', ibi'i 
' I)illli.‘\, \uunUn, 3'14. 

• si.ilil.i. Iitr , I'loi, 37, inr, _ 

* l)n|)|ii, >1 fihiU ('him, ls}s 13, l.jS, ISl'l, 16, .5-liJ 
’ Tiioi|>i-, 7'ifuo f'/itm .''fA , Iss'i, 47, IJl) 

" r)iif)i).i. l*ntr li<ni Stir, I.S.")7, 8, 1-* 

® ItufI and Tifidcl, Jin , 11)12, 4S1 l-Jdt 
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<)xy])r()ini(l(‘s, of which tAvo have hci'ii dcscniicd,' Til Jr., Oil and 

2'l'ilJr(()lI).,.:JlI.A), a slal)I(‘, cr\slalhnc iiow'dcr. 

Hydrobromotitanic Acid, llol'ilJr,, 'I'lir snlnhoii of litaiuuin 
t( Ir.jliroinidt in w.ihr. alccihol. or ( llu r is hnirld \illnw, bid in h\dro- 
lironiK* acid il is ])lood-r(«l 'I’hc lalUr solulion, Ihcrc fore*, (‘onlaiiis a 
cuinpli \ anion - wliicli is proliablv ('I’llJr,,)", to wliicli llicrc corn- 
Sf)ond (he aniinoniiiin sail (Nil pM’jdnu* salt 
(C-,..,Il-\)o Il/rilir,., holh of which consisl ol' darlv r. d crssl.ils 

Titanium Chlorobiromides. Two chlorobronndi s ol litaniiini 
'ril'hlli\, boilinuj at 17() (' , and TiCIIJr,, boiling at lal- (’. arc said 
to have lx <11 oblaiixd b\ (Ik* aclion ol bromine on llu* di- and (ri- 
chlorKlc r( sp( cli\(‘l\. bill whcllar lhc\ ari sincl(‘ substances or mixtures 
IS not \ el c( rl.iin 

IODIDES OF TrrAMDM 

T1k‘ thrci* lodidi s 'PiL, Til,, Til, an* known. 

Titanium Dixiodide, Ti 1 2. lias lx i n prepared by Di lac(j/ aiul (’opaiix^ 
bv iK.ilinif llu‘ l( tra-Kxlidc* in im rears \aponr eonsesed in a eiirrenl 
of hsdroi^Kii II Inrms black, h\ jijroscopie kalkls which are non- 
Nokilik .111(1 inrnsibk .aid ha\(‘ a (kiisily of I .‘J II, is insoluble in 
ori,Mnie soKiiils, bill d( eom))osed b\ waUr and acpieoiis alk.ilis ; 
boilin<» li\ droehlorie acid dissoKis it. lormiiie a blue iKjiiid : <K|iieoiis 
ammonia iorms lhi‘ black lisdroxah*, iKalmif m owijcn \nlds tilanie 
oxid(‘ .111(1 Kxime 

Titanium Ti*i-iodide has been obi. lined m I he lorm ol the hexa- 
livdrale 'filj.^lLO by (Ik (leelroKlie ri'diiclion of lilamiim telra- 
lodide, 'Pil Il for ms a \(r\ imsl.iblc', \iolel er\ slalliiii' iMass. 

Titanium Tetra-iodide ( /’//(/ n/c /(x/n/c), Til j. is oblaiixd wh(‘n lodiia* 
\a])<)iir IS passid o\( r Ik ab d lilannim.'* wIk n ludrix^i n iodide* is p.issi d 
mlo litamum lelraeliloride wliile llu* J.iltd* is ;^rradiially raisi'd to ils 
boilin^r-poinl , and bv lhi‘ aelion ol lodini' \apour .md hsdroi^an on 
titanium tetrachloride* at a dull r(‘d luMt.*' Tilame lodidi* torms a 
reddish brown, brillle, nn l.illie-lookinif mass which iikIIs ,il l.'iO 
and then crvslallise s m k-irije oclalx dr.i. Il boils al .‘JilO C , rormm^ an 
orange s.ipour, and distils iinehaneed. Its \.i|)our densilv al 110 C\ 
is l.SOal (air -1) or 200 (II 1), ludiealm^f a molecular wdehl (>1' 
.“i’JO, theor\ r((|nirinc .>.)(». Il rmues in tin* air, is combiislible, and 
dissol\(sin wabr, roriumi; a solulion wlxiiee hi. line acid soon st |).ir.il( s 
bv lisdrolysis. Til.uuc acid dissolves in hvdriodie acid, rormuiif a 
deep red solulion which probably conlams h\ driodol il anie acid; the 
acid and its s,dls .ire, howe\(r, (ix) unsl.ible lo be isolalid ' 


OXIDES AM) IlVDIIOXIDES OF TITANIUM 
Titanium forms mono-, ses(|ui-, and di-oMdc", 'I'lO, Tn^O,,. .and 'J’lO, 
resjieelively. To the niono\ide th(*re ]X)ssiblv cornspoiids a siilphah*; 
the scsquioxah* is basic, j^iMiij^ rise to salts; the dioxidi' is acidic, 

‘ Uosi'iilKitn !uxl Sihullc, Ztil'.ih nnnuj ('hem , 1901, 26 , ;239 

* Kosc'iihcmi .inil Sflmtlc*, lo( nt 

" Kinvlcl .11x1 (Jix'im, Ctnufit Ktid , IST.', 8l, SS9 , ISTIJ, 82, .Wl), 072. 

* l)i*f.»o|/ . 11 x 1 Cupfuix, /ix/.' Snr <Jnm 190S, Im], S!)9 

“ M(ti'.'..m, 70x/, isa.l, 120 , 200 

« ll!iut< f.*uill.', ('ninpt trmf, l.SOJ, 57, ir>\ , 1804, 59, 189, 18G7, 64, 70t 
’ U()scn]x*iiii and Schutlc, lor <il 
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forming litanatos, but also possesses feebly busie j)roperlies and lunus 
some sails. 

In addilion to tli(“S(‘, se\(ral nii\(d or s.diiK o\id( s liavi luiu 
di'seiibetl 'I'he oxidt 'I’l .(), or 'I'lO 'fi ( ) ,, wliieli in.i\ Ixc.dltd lil.iim- 
ma^Miehle, Utis oblaiixd b\ IJose, .md 1 j\ l*ieeim iiiid M.iniio ' b\ (lie 
dry rediielion of (dame o\ul.‘, 'I’lO, ; \\liiKi T\ .) is smd 

to be loniK'd wb( u Id. inn* oxide is lu.did iii a iidiieiu^ a( iiiosplii i c 
with liMlro^en (‘liloruh - It lias b» < u alKi^cd lli.ii 'I’uO,^ is (hi* Jiiial 
prodiiel ol llu* r<du<‘iion ol Idame oxide li\ li\dio<'iii, bid ilie l.ilbr 
may be luO. Wladla r llw s( suppose d saliiu oxiilis are sini^de .sub- 
stances or mixtures musi be renareled as elembl liil 

Titanium Monoxide, TiO, is Ibrmeei, loirelher wdli oilier |>rodiiels. 
when Id.iiiK* oxide* is luab'd wdli earbou or a im l.d such as /iiie or 
ma^riiesium ; in IIk* lal b r eas(* Id.inale is alse. le.iuiid aeceerdiiiir to the 
reaction 

2Ti(), 1 Mi^r TiO i MuPiO,. 

which differs Irom (he rc.iclioii of m.iL,mesium miIIi siIkm owiult to the 
inferior ri'ducibildy of (dame oxide 

Moissan h.is obiamul (In* mouoxidi' m bla(*k prismalie ervstal.s 
by healmir tdauu* o\id( udh earbon m (be elee'hie liimae< 

'rile h\ dioxidi* 'ri(()ll)^ is leii UK <1 .IS a blac k pie e ipilale u lieu .ilkali 
is added (o .1 seibdion of (danium dih.ilidi , d pas^ > ia|)i(ll\ b\ oxida- 
tion lido h\di\did titanic oxide. VecoreliiiL^ In Malik r* a siilpbate 
corns pond I to (he monoxide is formed when (il.iiiium is dissohcd 
in sulphuric acid. 

Titanium Sesquioxide, Ti^Oj, is formed, piobaliK ui an impure' 
s(a(e‘, when the* elmxiele* is urmleei slre'iieU iii a e'liiniil eel li\ elreiife'ii, 
aiiel IS eiblaiiie el in (he* leirm eif luslrems, esipjie r-e e)le)'ire el e i \ slab, lo^re. ( be r 
\M(h (he trie’hlorieie and eiw clileiride , wIkii.i mixlni'e ol b\elie»erui and 
titamiim te'lr.ie*hle>riele' vapour is p.is-^eel eiver I Ik while -liol elioxiele*.’* 
When a uueToe*e)smie* be'ael esinl.mimir (il.mie* eixiele* is be ale el in (be* 
reducing' llanu' eav slals e)f (be se sejiiieexiek se pai.ile '• 

'Plus eixiele* is isemieirphenis wdh Klba liam.dile , anil (d.iniuni iron 
ore', lM‘'ri()j, is on Ibis .ie*e*omd semn linns re'^areled as an isoniorplieiiis 
mixture' e)f iron arni Id.immn se sepiioxieie s 

'rdamiim se sepiieexiele elissolves in e'eme'e nirab el suipbiirii' .u'lel, 
Ibrmiuif a \ lole I solid ion of I be* e-orre speeiieliiiif snljilnde 'Mk bvdraleel 
se'sepiioxieb', 'I’l^O , iIUU, jin e'lpdabel Irom .i solid loii ed IIk Ine-bloriele* 
b\' alkali, mav' be* bkie-k, re el, brow n, oi el. irk blue- \N Ik ii siispe nek el in 
VMlte'r it conslil nb s .1 powe rfiil re elue'in^ a^T' ul e \ i n ek e'omposuie VN.de r, 
anel be in^ eixielise'el lo (In' b\eli.ib el elioxiek'. \\ Ik ii IIk b\ cIi a b d si sepii- 
eixieh' IS suspi'iieleel in milk of June' .iiiel sb.iki n wilb .iir, ds oxidalion 
IS aerompanie d b\ an e epiiv .ile id e»\ielation ol‘ wale r lo b \ ilroee n eboxieli . 
A similar re'aedion oe'eaiis wlie-n ebromie’ .le'iel is aeleli el lo I il .iniiim se sejiii- 
oxide* 111 i)resene*e' e»f potassium loeliele*, tin lorm.ilion of Idame* aciel 
be'in^ acceinipanie d by tlie* hber.die)n eii an eepiiNaknl of leieline' 

‘ Pie*! im and M.ionet, /( // 'fn m , 3..’, 7a 

“ PoiMlrl anel (aie I m, //■/// , I S7 7. pi |. 23, 2s'l , CiHtinf re/lf/., 1S7(J, 82, riK'l 

^ Mejiss.in, n ml , Is'lj 115, 10.31 

‘ St.iliK-i. /i,r, 100.1, 38, 2010 

Fii(*elel anel (hinin, ('ompt tnul , 187.1, 8l, SS9 , 1S70, 82, ‘tay. 072 
® Hi aim, Jahrb Min , 1S!)2, 11, 2.37 
’ Manchot and Jtichli'i, Ibr , 1000 39, .320 ISS 
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Titanium Dioxide {Titanic Oxide), Ti02. — TitjiTiiiim dioxide is 
latiirally tninorphoiis, and occurs as the three iniiKrals iutih\ anatase, 
iJid Inookitc. 

Rutile, the most important of the lliree, eryst:dlises m telrafjonjd 
irisms, and lias a densilv of i IS to 1. ‘i/). It is hisiroiis. of ji reddish 
3r()wn colour, h:is a hardiKss ol (J to t)-5 on Moll's scale, and is isomor- 
ilious with cassiliTil(‘ (SnO^), /ireon, and Ihon.imU'. 

AnaLise is also Ictrai^onal, but its er\stals differ from those of 
'ulile ; it has a density of Ji S2 to ti 05, a hardruss (»f 5 5 to (5, and is 
irown or black m colour. 

Jirookite crystallises m rhombic prisms, ha\in}^ a density of I 12 to 
I 2.‘5 and a hariiness of 5 5 to (>. 

The thr<‘e natural forms of titanic oxide arc* said to be isolnmor 
)hnus with stannic oxidc.^ Tiny can all bi' produced art ilieiallv. 
Rntil(“ IS formed when amorphous titanic oxuh' is fused in a Ixad of 
)(»ra\,‘-^ microcosmic salt or [lolassiuni carbonate,’ or mdled N\itli 
.tannic oxide ^ : analasi* is ])roduci*d by Ilu‘ ch eoinposilion of titanium 
‘\anonilride at red heat by watiT-vapoiir ; brookili' results wlan a 
iiixtuiH' of titanium telraeliloride vapour, steam, and e.irboii dioMcle 
s passetl Ihrouirh a red-hot tulxx and aKo ^\h('n tla \ apour of t itamiim 
etraeliloride is decomposed b\ heated lime.'* It has been sliown bv 
laiiti feuill(‘ that anat.ise is tlu* stable* ibrm eif titanie* e>\i(le> be'Iow 
<()() ' (\, breieikite* be twern Stur C anel 1010 C\, rut ile aben i* 10 10 (’. 

Ameirphoiis titanium dmxiele may be oblaim el bv jire'cipitat mi^ 
in aejiie-eius seilutmn e)f titanic clileiriele with ammeim.i ; bv fiisiiii^ line‘l\ 
lowdeTe'el rutile or titanic iron eire* with peilassmm (‘arbonate*, eleveun- 
losiii^T the* resultm<r titanate* with hvdrolliioric .ie*iel in a jilahnum elish, 
.e])aratin^ and re*crvslaIlismK the peilassium litanillueiriele formeel, and 
lce‘emipe)sm^its he)t a<piee)us seilutiem withammeima : orb\ u^mitm^t itaiiie* 
rem e)re in a curre‘nL eif chle>rin< and hvelrochleinc ae*iel. whe n the* irem is 
'liminatcd as veilalilc ferric elileiriete* anel titanie* e)\iele ri'inams, thus. 

2KeTi(), ! IIICI +CI 2 -‘2Fe(’l, -! 2T]()o ; 2 ll 2 (). 

Ameirphous titanium dieixidi* is a white* poweler whie*h, like* stmmie 
)xide*, till ns \cllow anel tlie*n breiwn when lie‘al(‘el, and fuses m the* 
)xyhvelre)^reii ilamc Its he*at eif feirmatiem whe'ii the* metal is oxielise el 
jy sexlium ])er()xide is ; 

Ti -[- O 2 — TiOo (amorphous) -}- 215.000 cale)rie*s 
ind whe'ii the* fme*ly dnided me*tnl is burnt in eiw^ren. 21 S, 100 caleuies.” 

Titanic oxide is inseilublc in Avater anel elilute ae*iels, but elisseiKes 
\hen he*ated with sulphuric acid, peilassium hyelreii^an siiljihale*, or 
)yie)sulphate*, feirmmir a sulphate eif ejuaelrivaleiit titanium ‘‘ It 
ireieluce’s titanate‘s whe*n fuse*d with alkalis eir .ilkali carbonates, 'rims 
itanic oxide possesses both basic and acidic ]»roperlics, anel so iliffers 
reini silica, w'hich is neil basic. 

' Wuncter, J. ptalt. ('hnn , 1S7<I, [11], 2, 200 
® Kno]), JaArb Min., 1S77, KlS 
“ Kbe'liiirn, Compt. tend , ISal, 32, 710 
* Dc'vitte anel ("arem, AnmtJrn, 108, 

■’ Daulin'o, Compt rend., 1819, 29, 227 , IS.AO, 30, 882 J8.)l, 39, 158 

" Ilautefomlle*, Ann Cbtm. Phip* , 18l».’5, Iiv|, 4, 129 
■ Mixtcr, Amrr J Set., 1909, fiv], 27, 898 

Mixtcr, Amer J, Sa , 1912, liv], 33 , 45. 

“ .Sfo Bornomann and .Schirnicistor. Metnllurme, 1910. 7. 040 
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Titanic Hydroxides, the Titanic Acids. TIu* ortlio- :iih 1 nu hi- 
Ti(()Il), mid TiC^OII)^. .ire iri-iii r,dl\ lx Ik \ i d to < \isl, 
and llurc an proixiDh otlni* n\(iro\nl«s winch arc ol‘ lln- n.diiii of 
condcnsi'd acids. 'I'lxic an no n.diind til.inalis wliuli n .icli llx' 
decree o( coniph \il\ ^Ikjwh !i\ llu‘ naliir.d silic.dis. nulhir is a loini 
ol titanic .icid known winch is (hlnnliK an.do^mis to |i-sia]niic .icid, 
Sn-()-j()l I)jy : IK \ < 1 1 hi 1( ss. as will a[)|M.ii IIkii is rc.ison to IxIkxc 
that litaiiK* a(‘id max i \isl ni comj>Ic\ inohcnlis 

Otthotitamr 'I'llOlUj. is ohlaiiKil as a xohnniiions, while* 

]n’cci|)il<il (* whui aininoina or alkali li\dro\idc or carhonalc is ad(h d 
to a cold lix dro(‘hloric acid sohihon ol a lilanah Whilsl il ninains 
I'nhx hxdralid il is sohihk in dilnh h\ diochloru*. snl|ihnric, and siron;' 
orijainc acids, iornniii^r llx (‘oi n spoiKlniLf sails, hut on In allium it loses 
waUrand passes inlo more complex aiiel h ss Mihihle hxeli.iles I'lxi'ii 
in cenilaci wilh w.iler il <;raelnall\ passis mio Ihe me l.i-ae‘iel,' .iiiel eni 
i^nnliem iorms the* dieixieh wilh ewohilion ol IiljIiI 

Metatitanic Acid/l'iOiOM )j. inseihihh m h\ elroe'hlorie* aciel, iseihlanu'd 
1)V xarioiis means Irom hoi sohilions d’lms wIhii an aepieenis solnlieni 
ol* litamc cJileirielc is hoihel IIk me la aciel is 'jiaelnallx jin cipil al e’d ; 
tins prccipilalion lakes |)kie*< Ihe nmn naililx m pri se ne*( e)l snlphnnc 
aciel en’ a seiliihle siilphale eiwnii^ te> lln mh]i«)i slahihlx of lilanic 
siiliilhilc ; snmiailx, lln sohihle* pnxlncl of Insion ed' a lil.inu mineral 
xxilh |)ol,issmm lixelreii^en sniphale sielels me 1 .il il .line* aciel wlwii hoile-d 
xvilh water. The hxelreilxsis ol a shuhllx ae*idiliiel sohihon ol tilamc 
hiilpliale* xxhich oe*e*iirs on hoiline^ is epiaid ilal i\ e , anel is emple>\eel for 
the* e‘slmi<ihe)n ol lilaniiim. 

Me (alrlanu* acid IS .dso Idriiie (1 w he 11 a hoi le iel sohil ion ol a lilamc 
compeinnet is pn cipilale el hx <dkah, as xxell as hx Ihe* ae‘lie»n ol iiilric 
acid eit eie iisil X 1 ‘Ja eiii me l.diie* (ilaimiiii. All hexiLdi prae I le'.dlx inseilnhlc 
in dihile* acids, me lalilanie* ae'iel ie>im-> an opah se'i nl . (‘e)lloidal snspe n- 
siein xxilh water, whe-iie'e it is pr<‘(‘ipilale d hx ae ids and sail seihilions. 
^Vhe n iLjmIe el, I h< nie‘la-acid passe ‘s inlo t he* anhx elrielc w il hoiil e*x edx nijr 
Inehl. 

'rile* assiimplieni of Ihe colloielal sl.ile hx nie lal ilame* acnl siiyi^Ksts 
tlial the* mole'e'llle s e>i Ihis snhslaiice* ale eemiple x I'eelloielal tllaiiic 
ae'ld lias hci 11 ohlaiiieel in e»lher waxs On aelehna hx elre»e‘hle»nc acid 
le) I he* mass eihlaiiie el hx i nsm<r I itaiiK’ eeMele w ll h alkali, Itose* - eihl ailii'd 
a |e*llx’ cemsislmi^ e»l Ihe hxdraleel eexieh , whilsl Kiieip ‘ loimd lhal I he 
XX In I e* pre e'lpilale ioi me el e>n aeiehmr ammeema lee a seihil ie)n ol I ilainh reens 
11 labile I lie , 111 |>re se lice e)l lai Line* .U'lel .eelele el le) ke t p (Ik ire>n in se iliit leell, 
s\vclle*el le) a Ir.iiisp.ere nl je llx xxIk n washeel wilh waler tlraham,* 
.dso, eihlameel e'e)lle)ielal lilamc .iciel as a lixelnisol. hx the* elialxsis eif a 
Jiydrochleiric aciel seihilioii of the* eirl ho-aciel, and this on ce»nce nlrat lein 
yie*lels a hxelree^e 1 .'" "J’liiis ]( apj)e ars that in ils colleiielal preipe rile s lilamc 
iiciel cle)sclvre*scml)li s silicic .icul ; meire eix e r, the* e|ne stiem ari-e s wlu Ihcr 
the simple formnhe Ti(()Il}, anel TiOiOIIh c.m jTeeperlv he* a])|)lie*d te) 
tile txvo lixdr.ites of I it. line oxide* wlne*h are* re spe e*l ix e lx seilnhle* and 
insoluble in lix drex’lihjric aciel, or whether the mede-cnles ol tliese* two 

' lift , ISSs, 21, 'Hie I 

* Keise*, Atlinthu, Isi'.‘3, 73, 7(i 

’ Knop, Aiifuilm, ISeiJ. 123, .'{.'>1. 

* (li.ilmin, Pogy AnnnU'n, 180 1. I2j, fiJ'.l. 

* V'eiii ete n I’fexellon, Aunalen, 1887, 237, 213. 
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su])bl{iiu*(‘s, bcinj' \(rv coinpb'X, npproximatc to rallu r than corn spoiicl 
( \jictly 111 coinposilion uilh these ronniiJiC. Acconlinjf to (ana Ih n and 
Walker,’ who ha\c (“xainincd Hu* inihicncc of I lie oi.ulnal imri.isi- ol‘ 
leni[)< ratlin* upon these and other li\drates, Ihe- rcLjnkir re)nn e)!' llie 
eiirxes ohiaineel willi titanic as well as silu'ic luelr.ile* is .iir.iinsl the* 
existence* e)!’ elt liniti luelrates oi‘ any cMilcnl diene- ol’ slaliilily. 

The Titanates. -IL has already lice n see-n Lh.il tilanie Ii\droxiele is 
ampheileric, dissohine m strong aeiels ie) idrni sails of these* aeiels, and 
in slrone alk.ihs tei leirni titanates. Titanic li\ diuNiele* is Ihiis an acnl 
e)f till* weakest ele se-npliein, and is iinahle lei elisplae'e* e-arhonic aciel 
Ironi aepie*e>ns solutions eif e*ar})onale‘s Alkali lilanate*, he)we‘\ir, is 
Ihrnieel wlu'ii titanic oxieK* is fiise*d with alkali i*arhon.ile, and llu* 
re'actiem is n-ve-rsihle* wlie*ii llic fusion is c.irrieel out in an atinosplKn* 
of carhon elie>\ie!e*, the* coiielitions of eepiililu’iiini at !>()() IIOO’ (’. .iiid 
I atnieisplun* (’O^ heme n‘prese‘nte*d hy the fedlowine e(|iialions - : 

0 20 N\i/D., -l-0 20Ti().^— --0 71 NaoTit)., 1 
0 d.j !<_,(’( ),j I OO.VnOo, j-tO.T) K/l'iO., : KO, 

'rilanic oxiele- n‘si iiihh s siliesi in ils peiwe r of elisplae ne^ e*arl)eni dioxieli , 
and this powe r eiiniinishe s Ihroneli /ire’onnim to Ihoiiiini with ine*reas( 
m Ihe basic peiwe r eif the* elieixiele*. 

t’eilain mine ral titanah s are* kneiw'ii, anel can be pn panel .irl ilie*iall\ . 

Pt'iofslxite is calcnim nn l.ilitanale*, (a'l’iO,, e'onlaiiiine sin. ill epi.in- 
tilie*s eif ferrous, imin^Miiese*, anel niaenesniin eixides: it oce*urs m llie 
Urals anel Arkansas m Nelleiw to iroii-hlae*k ihennbie* er\slals, ha\inea 
de'iisity eif 10 anel h.ininess 5 5 eiii Meih's se ale*. anel e*an be* 'pnielne e d 
artilicially b\ llu* strone jirnilnm of a niixlnn* of tilanie* eixiele*, hiiie, 
and |)eilassmni carbeinate*. ’ 

////ica/Zc or titanie- iron is leinnis nie*talil.in,ite*, Im'I’iO,, iI oe*e*iii‘s 
in Neirw'iiy, (\m.iel.i, .mel e*lscwliere in blae k rhombohi dral cnsl.ils, 
havme a siib-iiie l<ilhc lustre*, de*nsil\ l.*5 to 5, anel hardness 5 to 0 
(Meili’s se*ale*). 

I^iftophanifr, isomorphems with ilme*nite‘, is MiiTiO., anel litc \s 
MeTlOj. 

PscuibtbtooLile is !• me* eirlhotilanate*, Fe*/'ri() . il e*onsisls of 
browui or black eirlhorhoniliie; crystals of de*nsilv |. 00 anel hanliie'ss 0 
(Moll’s se'ale*). 

Tifatnfc ov .sphcnc, cale'iiim lilamsiheMte*, Ca'l’iSiO-, ma\ be- n-eanleel 
as the* e‘ale*iuni salt of dime*tasihcic ae*iel, in whie'h a nieile*e*iili* 

eif silieM has be*cn cxchanecel for one* eil tilanie* o\iele*. It eice*iiis, t ni- 
be‘elde*el m eranite*, ene iss, and mica-se*hist, in velleo\, en-e*n, net, er(-\, 
bniw’ii, eir black monoe*lmic cr\ stals of de-nsily ;J5I anil h.iidness 5 lo 
5*5 (Moll’s scale*). It has be'e*n e)btame*el arlilie’ially b\ liisnie lei^elhe-r 
a mixture* of silica, titanic eixiele*, and (‘ale'inin e*hloriele*.^ 

Titanie* oxielc is know'll partially tei re'place* silie*a, in such nune-rals 
as biolile, aui(ile‘, anel e)li\mc; anel, ae'ceirelmi^ to (ireilh,’ llu- eixides 
Zr02,ThD2 «nel SnO, nia\ also n jilacc silica isome'rphoiisly. Neither 

■ t'.iou‘IK‘v .iimI W.ilke*!, ! imm ('/nm Sin , ISSS, 5 J, 8J. 

" 1) P Siiutli, nimtij ('htm, PHIJI, 37, .';32 
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oxide nor any ol' these oilier oxides is known, howe\ir, lo Idiin 
such eoniphx acids .is .ire lornnd l)\ siJie.i. 

Alk.ili titan. lies ni.iN lx* jirip.iied i)\ iiision, i)\ i)oiliii<> IiI.imk acid 
with aipuoiis .dk.ili, or l)\ pi*, t ipil.il ini^ .i lis dioi liloiie .leid solution 
of til.inie .leid with alkali e.irhonale 'I'liiis pol.issinni im l.it il.inale, 
ICod'lO j, IS ohlaiiu (1 .is a \ ( How, lihioiis ni.iss w In n 1 il.iiiie o\idi is riised 
with polassinni e.irl)on.it(‘ ; lln h\dr.d<'d s.ill Is , 1 1( ) , 1 1 1 ,( ) er\ sl.dlises 
on e\ aporalintr a solution ol I it. in a* .leid in e.iiisl a* pol ,i'>li . I la 1 iii ilaiiali' 
K /I’l .( )- ‘ilKO is pn eipil.di d l»\ pol.issiiMu eailioiiih Iroiii .i liNilro- 
chlora* .leid solution ol lil;iiiie .aid, wliilsl ls,.'l i ,()- .‘Jl I .() is Ionia d 
when K /I'd) , is l)oiI( d \\ilh w.ih r, .uid Ha la s.ihl.in.ile K /ri,,t)i . -d !_,( ) 
IS produeid l)\ the action ol li\ dmcliloi le .a id on the dili\diMl<d 
liililan.de. 

'I’lii three sodiuiu s.ills,' \.i /I’ kO \.i /I'l 0 \.i,'ri.t)„ all of w liieli 

are er\slalline hut insoliihlc in w.ilir, .in* |)iodu(((l l)\ llie liisioii of 
tiLanie o\i(h‘ with sodium earhonale, loi,alliir wdli sodium luni,^slah, 
lo promolt' er\ sl.illisalion, .iiid In.ilnanl ol lin eooli d produel with 
w.ili r. 

In adddam lo these .ilk. ill s.dls and .irlilai.il miia imK, .i imniher 
oi’ nil l.i-, orl iio-, .iiid pols -lil.m.ili s ol ol la v na lals li.i\ i lx i ii pvi pan d, 
i,aiar.ill\ 1)\ liisiii!' Id. line o\id<* with lla e.irliouale, elilovide, or 
siilpli.'ile ol tile mel.il. 'I’la \ an .is lollow .Sr/ri,()^, Iki/l'ijOf,, 
Ml^'I’iO.. Zn/I’iO^, /iiTiO,. /ai'J'i ()-. /ii.'l'i.O-, Zn/rir,()n. 
MuTiO,, MnTiO., (’otiO., NiTiO., he /I'd 'r< 'I’d') 

. TITANIt M AM) St'Jd’JIl It 

Titanium Sulphides. Thiei* sulphides of lil.uiium are know'ii.eorn- 
spondmjf to till* I hn e di i,M’( es of \ ah ne\ shown l)\ I Ills i h iia rit. Tlay 
are 'I'lS, Ti^S ,, TiS „ 

Titanium Monosulphide, d’iS, IS t‘o! iia d h\ lla i« duelion ol' the sesijiii- 
or di-sulphide in «i eiiinid oT liNdroiriii. Tin n.ielioii l.ll^^ s pl,i(*e at, 
tlu' sorieiiin^ lem|x r.ilure of ijjl.iss ; .and the moiiosiilphah is .i n ddish, 
hislroiis, na l.ilhe-hxikmi^ solid. res< uiIiIuil; hisiuiilh ll is slalile in 
the air at ordinar\ tempi r.ilnre, but burns w la n la ab d, ha ni hilt I dame 
oxide. It is unall.ieked by dilut< hydinehkaae .iial sulj.liiirK* acids, 
slowly oxidised bv mine acid .ind .upia n lh.i. and dissobed by eonceii- 
trated siiljihurie .leid. 

Titanium Sesquisulphide, 'I'l .^S ,, is piodiaad wla u lil.ma oxide is 
healed lo bri^dil ndiass m a sin. mi of moisl sul|ihun 1 1< d ludro^aai 
and carbon disiiljihah* \apour-- wlan Ihe niliidi, 'I’lN. is heated 
111 a mixture of sulphur \ap(nir <ind Indro-an and also wlan the 
thsulphah', TiS^, is ignited m an mdilhnid .dmo^plaie. 'I'llanmm 
sesipnsulphide is a metallic, irreyish bl.iek, er\ si allna powihr which 
is stable towards dihih' acids and alkalis, but dissohi s in concintraled 
sulphuric and mine .nads. t'ormm^^ irreen solid ams ol' unknown 
composition. 

Titanium Disulphide, 'I’lS.^, is.l’ornad m .i ciaah sl.ite b\ the action 
ol’ carlion disulphide \ iponf on Idaiiic oxah,^ .ind also by heatin*^ 

‘ (Vuniiititxeut, ('ompl u ml , IS!) 2 , 115, Sj;i 
^ Thoi|)i*, ('htin , iStS.!, .|7, I'll 

^ SchnoxiiT, onojtf ('hem , ISa.l. .S, SI 

* Hose, \inioJt II IS'M 71 * 
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to«'(‘thcr a mixture of nitilc (TiO^), sulpluir, sodium carbonate, and 
carbon ^ ; il is olilaintd in a piin^ stabs in the form of yellow, lustrous 
scales rtsenililiMi^ jivriles, \\h(‘u a mixture ol ludroiren siilpliuh and 
lilannim ti Ir.iehlonde (Isbelmen) or teliMllnoridi* - is pass* d Ihroii^di a 
slron<flv lu.d(d poixs lain tube. Tifaniimi disulphide n-s( ml>l( s the 
other siilphichs in its beha\ loiir to\\ards acids; bodiin^ eaiistie jiot.ish 
decomposes it, formmif jiot.issium sulphide and litan.ite ; il jiossi'sses, 
howev< r, no lhio-anh\(lride ])rop('rlies since* it does not dissoKe m 
alkali sulphide* solution. 

Titanium Sulphates. -'I’llanmm is sharpiv separ.ilul Irom siheon 
as well as Irom j^ermamum by its jxjwer of formin<; the sul])l'.al(*s 
Ti. 2 (S(),)j. 'Ti(^'Oj),. and ]»(rha])-- TiSO,, as well .is basic and double* or 
complex siilpii.iti s 

Titanous Sulphate, 'TiSO,, is formed, acceirelmif te) Stalihr.' when 
titanium is disse)l\(*d in sulphuric acid and the seiluliem is e*\;ipei- 
raled. 

Titanium Sesquisulphate, Ti^tSO,)]. — Xccenelini; tei (llat/eP llu* 
oc*tah\ (Ir.ile* Ti^tSO,) , SlI^O is obtained b\ dissoKmi^ Ihe* metal m 
dilute* sulphuric ae'iel. and evaporating llu* seihilion. A vieilet soliilion 
is s.iiel te) be leirme el v\hie*h ein })e*inir e’eince nli.de el be*e*e)me s blue anel 
de’peisils lufte*el e*r\slals. Ae-cemhiii? te) .Slalile'r anel Wirlhwe m,'>he)we*M r, 
the s(*sepnsulphale is neit fe)rme*el III this way; but whe*n a e*e)iie*e nlrale el 
seiliitiem eif the I rie'hleiriel * is re*peale*elly e*\ apeirale el at (>0 C with 
elilule* sulphuric .ie*id in a vacuum, a cr\stalhne* pre*e*ipilale* eif lil.uiiimi 
se*sepnsulj)h.ile* sulphuric ae*iel is Ibriutel, whie*h, afle-r washmir wilh 
aoetie* ae*iel anel etlur, h.is the* e'ompeisilion JfTi^tSO,) , Il.^^O j ‘J.'iIloO. 
The* s.ime preielue-t is e)blaine*el .is a vieile*! (*rvslalhne peiwehr whe*n 
titanic sulphate* elisseilveel in at) jier e*e*nt. siilphune* ae*iel is reehie*e'el 
e*le*clre)lv lu*ally for live* eir six henirs 'The* aiihyelreais se*sepusulphale*. 
Tl,(.S(),){, IS se*p.irale*el ,ls a i^ree*!!, e*r\ sl.dlliu* ])e)Wele*r, lllsolulile* in 
water, alceiheil, e-llur or ce)ne*e*nlr.ite*el siilphune* ae*iel, bv the* re ]u*ate*el 
cvapeir.itiein of a elilute* sulphuric aciel soliitiein e>f titanium sesepn- 
siilphale* sulphuric ae*iel in abse*nce* eif air. Tit.imum se sepiisulpha'e* 
cleisely re*se'mble s tlu* coiTe sponehn'j vanaehum sulphate*, m 

proj)ertie*s, anel in tile* ceuiipeamds it Ibrms with siilphurie* aciel anel 
either suljihates; it is ele‘e*onipe)se*el bv heat intei SO„ SO,, and 
TiO^. 

Double or Complex Sulphates of Tervalent Titanium. 'The* .ibovc 
compounel of titanium si sepnsulphate* anel siilphune* aciel iiiav bei 
£ilte*rna lively (le*-,cribed as tilaneisulphunc acid ; the* alk.di salts eif this 
acid will tlu'U be* ceimplcx r.ither than elemblc salts. By ceunbinalion 
with riibieliuin and ammonium suljihates the feilleiwiiiLf tit.mosul- 
])hale*s have be*e‘ii obtame'el bv Stabler'*: .*lTi 2 (SO ,)2 Bb,S(), 2 MLO ; 
3Ti .(SO,) { ^^»ll aelelitiein tei lhe*se* a seKlium salt 

of "the* eeim|)eisilie)n Ti 2 (Sb,i) ^.X.i^SO, 511.20 ’ has been obtaiiu’d m 
viol(*t crystals by the clcctreilytic reelucLiein eif seiehum titanic suljihatc 

^ Tie'itliicr, (imiltn-Kninf, Ifumlh., 1S')7, ii, 2, 2 

- KiilT .ninl Ifwii, /In , Him, j6, 1777 

' Sl.ihl.*r, firr, MM I."., 38, 2 liM) 

* (J1.U/.1, I/er, 1870, 9, ISJS). 

.** Slahle*! anel Wirthweun, loc cit 

• St.ihleT, loc cit 

’ Knecht, /?e>r, inO.3, 36, 160. 
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solulion. Il is pri'juml lu*hiiu jillv and iisul as a ivdnciiij; a^^cnlJ 
PiTolilor.itcs can be ndiusd and (stnnalcd l)\ ils nn ans - 

UcskIcs 111 ! si sails tdaniiini s( s<|iiisnlj)lia(i lonns .diiins, anIikIi. 
liki‘ ollur alnins. diiiiiiiidi iii soliibilil \ willi iiu'U.isn in 1 1< choiiosi- 
iivi'iM ss ol (In- alkali iiKlal '1 lu* riibidiiini .iiid (.immiii sails, 
ni),S(),Ti,(M),),L»|]I.() and (V .S( ) , 'I i .(M) , 2 1 II ,() Ii.l\c haw i.iv- 
juusd 1>\ IVnni ‘ “ - - . . - 

Titanic Sulphates, 'riw* in<lalli(* iialnr. nf hl.iniiiin is I'lnpliasisi-d 
l)N' llu ( xisb'iict* nl siilj)hal( s coiTi sjjjaidiiii.' In ill' din\id( 'I'ln* 

iinrinal disiilplialn is sani In < \is(, aiul llu r* aii s» \( ral b.isic siilnli.ilcs 
as \\t II as sails nl liiaiiisiilplinrM* .icids. 

Normal Titanic Sulphate, 'ri(SO ,) , .‘>1 U( ). has Ihmh (hscnbid by 
(ilal /( 1 * as a } < linu, aninrpliniis mas , nblaim d l)\ nxidisniL; Hie si s(|iii- 
snlphalc 111111 mine acnl and i \ .i|»njal |||( nsiillmir snlnlinn. 
Accnrdini; In nmn im*« mI nbsimrs. hnwiMi. I In iMshncc nl’ Ibis 
('nm[)nimd IS (lniibli'i]| 

'riu- (itsf hastv 'I'l ,()(SO . ill ). nr 2'l i( ikSO , is 

Inrmi (I in cn slaK. acenrdim'' In P»lniidi I, * m h- ii a ‘ I'lpliiinr acid snliilioii 
nl lilaiiic acid is licabd In 120 (’ 'I'Ik /xfsir snljihuU', lilanil 

sulplialc, 'I'lOSO,, was liisl nblaim d b\ Ab iv, '* as a whib pnwdir bv 
iMpidh CN apnral lie/ a siilpliiiric acid soliilinii nl lilaiiic ai'id, and b\ 
Mlniid' I in cr\ slals b\ la al ini/ a similar soliil inn In 22.) ('. 'I’Ik h\diali‘ 
Ti()S(),2ll.,0 was also nblaiiK'd b\ llu iim nl soimwh.il diliilcd 
snlplinvic acid, and Ihc Inllnwiiii/ ludiabd basic sails b\ rnriluv mndi- 
riini/ Ihc Idiiptialins and dilnlmn * 

• 2'Ii(),.S0,H,0 

7Ti()>2S(). ll .() 

.rri()]M)..Sir(). 

P< nlah\ dralcd lilansi sii||,h,ib-, d’lOSOj .“ilLO. was obtaiiu'd bv 
Unscniu im <md ^chiilb " b\ bnilmi/ lilanic ai id wilh alcnlinhc siilphiiric 
acid and lh< n < lapnialiii'/ nil llu .ilcnhnl and pii cipil.ilim/ wilh clhcr. 

Complex Titanic and TitanyUsulphates. 1’ 1 1 . i in c s 1 1 1 p h a I c . 1 1 1 d 1 1 1 a 1 1 \ 1 ■ 
.snlphab' cnmbmc wilh ct rl.mi iinrm.il siilph.ib s lo rorni enmph \ sails. 

Potassium Titanisulphate, K/l’il.M),) , is prndncid liy mcllm^r 
toi/i'llur lilamc o\id( ami pnlassmm p\ rnsiil|))ialc 

'I’hcalkahm i.nlli sails (’a'l’iiSO ,), Si'l uM ) ^ . ind lia/Fi ,(S() ,)g, 
arc J’nrmcd w lu n 'I'lO , dissoK < d m cniuM nh.ib d siil|ihin ic .icid is mixed 
with a snlphnnc aud .snlnlinn of Mu corn spin mIiiil; snljih.'.lc and Ihc 
rcsiillms/ snlnlinn is com < nlr.ilcil. d’lu >'( sails an <h composed by 
W’alcr wilh prccipilalinn nl lil.iim .icid 

Potassium and Ammonium Titanylsulphates, 

2K.,SO,;|T|().S(),10II.() and (MI ,) >0 , ’liOM), 11,0 
I’l'spcclivcly, ha\'‘ bi ( n oblamcd bi addim: cone n Ira led arpicons 

^ SpciKc Diul .Si)iis I) IM’, I I'l.uaJ 

- St.ilili r, ('Inw A'/. mo«», 3 j, 7 .,'i 

* I’uiiiii, t!t 'tl'i l.su"), £5, jii|, .IIJ /til'.ili utini'f f hi III , IS'J.S, 17, 

* (ikll/rl, Hil , l.S7<>, 9, Isj'l 

JilondrI, Hull <Sf<' ifniii . IS!M1, |iii], 21, 2 lJ 2 

“ Mciii, ,/. pndf ('/mu , l.SUli, 99, l.) 7 . 

’ llowrilicirn iind kVliuKr, Ziihrh nnnrq ('fmn , h)0l, 26, 2:JJ) 

** Wcinlnnd ;ind Kidil, Zni'uh aimri] C/mn , l'H) 7 . 5.^, 2"):? 
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solulioiisol' Llu‘ (‘om spoiidm*' siilphalrs toji ssitunitcd solution of titanic 
acid 111 sulphuric acnl ' These sails arc soluble ui cold water, but titanic 
acid ! 4 iMdu.dlv sei) 4 irales from their solutions. 

'I’he (bllowm^r compounds of tilanic o\ide \\i(li seleiiioiis and 
seleme acids h.i\c Ixcn oiilamed-; TiO . SeC) , II ,0, ‘JTiO , SeO , 1 1.,(), 
TiO.SeO, II,(), !»Ti(),S((), 11,0. 


TITANILM AND NlTlUHiEN 

A eh.ir.K'b rislie of lilanium is its proiu iuss to combim* amIIi nilro<feii 
to form .1 miridi. Such a compound was obtained many \ears a^o bv 
healin^^ 'riCl , INII j aloiu or in a eurreiit of .mmionia ; it w'as cojipcr- 
coloiired .ind was mislaki'ii for the clenunt until Wohler^ jiroxi-d 
that li eonlaiin d nilroifcn and assigned to il llu‘ lormula 'I’l 5X Wohler 
also obtained a dark blue substance with a coppi rv lustre, to whieli 
he attribiih d Ihi lormula 'I'lN^, b\ ii'iutinj^ litaiiic o\ide in a euiT( nt of 
ammonia Sehiu i(hr,'’how'(‘\< r, show'ed that tin* supposi il nitride 'I'l 3\ , 
coiitaiiu d o\v«^( 11 ; and he was iinabh' to obtain WoIiIit's dinitrid(“, whose 
(‘MsleiKc had |)re\n)nsl\ lx ( n demid b\ Eriedel and tliicrm.** llnlil 
rccentb, I Inn Ion. Ihe (XisUnec of only one nitride ol litaniiim, 'I'lN 
or 'fi 1*1 coirnis< d ’ ; but litaiue nilridc, Tij\|, has now' been 

oblainul b\ Itiill and Tn idii.'* 

Titaiious NitridC) TiN or olitaim d b\ Moissan liy healiiiLj 

tilame o\idc witli or w'lthout carbon in a f^r.iphili* ciiu'ibli' in pri'sdiee 
of lutroiTi n, and also b\ Uiilf and Eisner’^ b\ heal me Wolihr’s siipposi'd 
TijN, in a ciirnMit of ammonia .d 1. *»()()' for six hours hit all I la* 
chlorine and o\\e(‘n it contaiind wm* n*mo\id. Il is, howi\tr, best 
]m pared bv In aline thi dioxide with .umnouia in a porc( l.iin tubi* for 
four to si\ liours at 1 l-Ob 1,500 

Tile nitride oblaimd b\ Moissan w.is a bron/,e-\ t How mass ha\ine 
a deiisilx of .5 IS, and was hard i‘noueh to stTaleh rubies and ciil 
diamonds; th.it obl.oind b\ Uulf and Eisner was bron/.i‘-(‘olound and 
Iiad a ileiisil \ of .5 10 .it IS ’ ('. 

Titanic Nitride, I "us obtaiiud b\ Huff and 'rreuh'h^' in tlu‘ 
followme w.iv. \\h(u titanium tetrabroimde ammoma, 'riHr, SNII ,, 
was waslied with hf|uid ammonia an orani,n*-coloured, msolubh' su’Dslanei' 
was obtained h;i\me a composition bilw'edi 

•2Ti(NII,),Til{ri8NII., and ;5Ti(Nn)2.Til?r, sXlI,. 

When this product was tn^ated with a solution of an dpiivalent amounl 
of potassium amide m Inpiid ammoma a mixture was formed contamme 
20 per (■( nt of Ihe orieinal bronmh', 10 jxr cent, of potassium hydroeen 
titanium di-umde, '!’i(XII)\Ix, and 70 per cent, of titanic nitride, 
T13X4. This lattir compound has a brown colour, is deconniosed by 

' iloscnli(Mtn .nut StliulU', Znt'^rh inmiq Clit'ni , 11)01, 26, 2, 'll) 

“ 0i('iii‘k, tinoK/ ('him, IDl.'l, 80, ■! IS 

* Ln‘lx”, /'»«/>/ \nni0i>n IS'lO, 21, 2.VJ 

* Wtihlri, \niiiifin, IS.in, “73, .*11 

* Silmrnlii, Z'il'>ili (utnnj ('firm, ISU.jyS, 81 

® .uxl (lix'iin, Ann ('him rhif '< , 1871), [\ |, 7, 24. 

’ lliilT ami Kisncr, I{<r, 1908, 41, 22,10 
" llulT ami Tuxld, JUr , 1912, 45, 1304 
“ ItiitT, liir, 1909, 42, 900. 

Ruff and Ticidal, loc cit 
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licat into titfinoiis lutritic, HiN, jiiui nilrotri'n. and hv nati v ]tili> li\ drah d 
titjinic oxi(l(‘ jind aininonia. 

Titanamide. Acnmlinrr lo lj|i\ .,n(l W iilx I m. 1.' and Slaliltr,- 
liliinaimdr, Ti(XII,),. is IdriMcd ^^\u u 'I’d I, (AM. <.v 'riCl.sNMa is 
(‘xliacicd uilh iupiid ainnioin.i .md IsisiKr, * lioutNtr. d» n\ 

that tins (“oinpound is so ronind 

Titanium Nitrogen Halides. Huff .md i •’ (oiind (li.d \\li(n 
liCl|hNIl.. IS (xliMcltd ^^Illl Ii(|iiid .mminiii.i .1 cdmphx cliloraimdc 
IS foniit'd, which wIkii (‘ai‘<l(ill\ ln.ihd m ,i \ ,i(iiiim .d ‘J 70 (' lia\(s 
inipi.rc (itaiiiiiiii nilroi^in cliloridf , d'iNt 1 , .is .1 dirix i;ri 1 11 visidiir 
1 his snbstiiiiC(“ ri'acis xiijoroiislx with xxaltr. Iunmiiir .iiiimoiimiii 
clilitridc, mli*o^( n. and lilaniiiiii dn)\id( On hi intf s(ronirI\ la.ilid || 
decomposes thus : 

8 TiN(’l ( 5 Ti\ i ‘/ri(’|, ; \,. 

'liiaimim mlro<j( n liroiiiidi . 'i A Hi, w.is ohl.mii d m a piin* slali m 
a similar wax'. (Ik r(sidiK‘ from IIk* .mimoin.t i\li I'hun lx mi; laaled 
at iiOO ('. midi r I mm prrssiiit It rt acts wil li w ih 1 snml.iilx' (o IIk’ 
chloride. 

IIk conir.isl IkIwiim IIk Im hax loiir of siIk on .md lil.mmm h.ilidcs 
towards ammom.i is nohwoidix. Silicon i.isilx lo.is all ils halo*;!'!! ; 
lilamum, m aecoivl.mci with its niori* < I« el roj.o a' r ■ t li.ir.ieli r. is lams 
OIK' lialoi^i 11 al(»m m the compounds 'rACl .md ' 1 1\ Hr, lo \\ Inch silicon 
presents no an»doi;x. 

Titaninitric Acid. Hx < x.ipor.ilini; a mine .-ickI solution of 
titanic acid o\<r Iiiik' M( r/. ‘ oht.miu! crxsi.ds ol tlx eomposilion 
.VI’iOj.X.^CL, hlloO ; no s.dls oi Ihis eomj)l< \ .n nl .ire known. 


TIT.WM'M AM) HIlOSHIIOHrs 

Titanium Phosphide. When hxdroi;<n phosphid(' acis ii|)on cold 
titanic chloride' a xellow', crxsiallme snhsl.mei is ohl.inicd which 011 
heating' \Klds hxdroi;en phosjihide and hxtlioueii elilonde. .md Kaxes 
a residue ot titanium pliosphide,'* 'Fil*, .is ,\ hnllk miss wilh nielallic 
lustre .md dtiisitx of .‘M)."). This snhsl.mei is iieoliihli in dilute .md 
conci'iilrati d acids .md alk.ihs, hiit hmns m .111 and whin healed 
111 chlorine forms a x'l lloxx suhhmate of 'I'lCI , Ht I , 

Titaniphosphoric Acid and its Salts. M i / '’ nhl.imi d .1 lilaniphos- 
plioric acid, or titanic phosjihale, ol tin eoni[)nsil 1011 L>'li()^ ^’ 11.^0 

l)X' jirecipitatiiiL; (ilanic chloride solution with a soliihli phos|)hale and 
thoroiii;hlv washmi; IIk product A simil.ir suhsl.mee xxas nhlaiiu d hv 
Wehrhii and (iiraiid ; ainl hx Ik alini; loi;i llx r lil.ime .md phosphoric 
acids, as xxell as hv mcltm<; 'I'lO^ with sodmm or potassium meta- 
phosphate,® tile crxsiallme compound TiO^ Hj)- is formed. TIk' 

^ |ili\ .11x1 Wii iM'l.iuer, Ihr , Pm.’i I'JJS 
a SUihlxi, AVr, tan-,, 38 , 

> Jtiiii ,'»ixl Kisiwi /i>i . laiw, 41, 

* Mi‘I 7. / jtntU (fhni, ISitii, Qo. I *7 
^ (lewfi Ivr, innah/t, laos, 361 , TM 
® Mim/ {(I rit 

’ W(‘liili)i .‘iixl (Jii.iixl, If nil , |S77, 85 , 

** OliVi.ilcl nnil . Is<i0, m, 177 
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followiiifj crystallised alkali salts of titanit)hosph()ric acid have been 

obtanied by Oinr.ird 

K^O 1 .Ti().:jI\() 5 ; K.()2Ti().>.P.()-,; Na .0 iTiO , :’,1\()5 ; 
(JNa.O.'lTiO, IIVO-. 

TITANU M AM) CAU150N 

Titanium Carbide, TiC, is obtained in an nn|)iir(* state*, in the form 
of sl((l-irr(‘v er\sl.ds, from east-iron smelted frean ore.s eimtainnii' 
tilamimi,- I( was obtained bv Mcassan ^ by heating lo^^c I her a, inixtiiri* 
ol' KiO p.irU (>rtilame aeid and 70 ])arls ol'earbon, and Cornu d a erydal- 
Ime mass iN sunblmif nu'lallic lit.mmm and liaMin; a den^ilv oC I Ua. 
It does nol, liowe\er, dissoUe* in li\ dioelilorie aeid. nor (l(eoni|)osc 
steam at 700 (' , but elisseihes slowls m aejii.i rt^n.i. 

Titanium Cyanonitride. — VeTv hard e'libieal er\slaL oC a bright 
co|)|)<T e*e>lour are* seiiulmus loimd m llu e*aMlus of easl-non .iiul 
sla<r obtained by the* snultnief eif litanih reins ir ui oie in Ihe blast- 
Cnrnaee*. 'I’lns snbslane*e was imslaive.n b\ W olla'-leai ‘ Im* nielallie 
titanium, Imt Weihler |)re)Veel that iL eonlained e-arlion and nilromn, 
and atiribiileel tei it the* rormnia Ti((’N)^ .‘J'ri \\e>lil('r'* also 

e)btame*el this snbstanee* arlilieialh by stroni^ly he alma m a elosed 
eTueible* a mixture* of ])e)lassmm fe ireies aniele* .md tilame oxiele, and 
by biinama titaiiinm 1< Iraehlorule* Napeair inlei e*e)nlae*t with fuse'el 
potassium ev.imde* ; it is also hernueM' when a stre'.im eiC nilre>aen is 
p.issed ON era N\hite-he)l mixture eif lilaine eixide* and eliaie'oal. (’\ano- 
mlnde eif til.immn luis a elensit\ eif ,7 ‘JS (Wollaslon) e>r of t 1 lo a 1.'^ 
It is unalbieke'd by boilmir mine eir snlplnirie* aeiel, but easily eh^soUed 
l)y a mixture* of mine aiiel liNelrolhieaie* .leiels. Th.d it. e*ont.nns Ihe 
e*\,inoL(e‘n raelie*le is slieiwn by the* fact that Nvheii heatcel in a eiirre nt 
of e'hleirme* it lemns a e’eunpoiiiid of lilainum le lrae*hloride* anel ey.ineiLTe'M 
elileiriele*, CNC’I, which ajijx.irs as a sublimate*, aiul nnIuii i^rniteel in a 
e'liTTe nt e)f steam Nielels liNelrei^un, h\elroife*n e\aniele anel ammonia, 
le‘a\ mi^ .i r< sielne* eif tit.inie* oxiele*. When this snbdane*e is fuse*!! wilh 
peitash, ammetma is e*\olve*el anel til. mate* formed, lls e*oinposilion 
eami(»l be* reL;arde*el as sellleel; wlullur it is realb lilanmm “e‘\ane)- 
nilride* " eir ,i mixture- eif eaibiele anel nilriele- ma\ e\en be- imee-rt.im.” 
tlie)UL,di it ehlle-rs lre)m mlnele- m yie lding the 'I'lCI. ('\('l e'ompounel 
Nvh(*n heale*el with e-hleinne. 

Titanium Thiocyanates. — The* eejmjile-x thieeeyanale s of l(r\alenl 
titamnm, K j'l’it.^CX),, (NlTjljT^SC’N),, Oll^O, exist; as well 

as thioe'N .uiale-s eif the* epiaelriN ale-nt metal. 

Whe-n a 10 per cent, solution of tlneicNanie* ae*iel is sat united with 
titanic aciel, anel e‘\ apeir.de el e)\er snlphune* <ie id, tilaiu llhie;e\ aiiate*, 
Ti0(scx)2 211 a se*parate*.s as a breiwmsh red erNst.dhne* poweleT. 
The potassium salt, K ,TiO(S(’N), 11/), of the* nnknoNvn cennpkx 

^ OiiM.inl, Cntnpt mul , IS‘H), m, I 77 . 

~ Shiini-i, ('htm Stivs, 1 SS 7 , 55, 111 ) 

^ Meeis'.iin, ('ompt tend , JS 0 ‘», 120, LM) 0 , l.S!) 7 , 125, SIJ'J 
^ Weiltiston, Vhil Tkih'^ , ISJ.'t 17 
* Weililf-T, Annahn, lS 7 n, 73, , 74, LO J 

•' .We) liter anel De'ville, AntniUn, IS."> 7 , 103, LMO. 

’ ('fmn. AVx's, Isa.*}, 68, H5‘{ 

“ Joly, Com pi rend.t 1 S 7 (), 82, ll*)."). 
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titaiiyltliiocvaiiK* acul, JI /riO(S(’\),. is iormul l)v ilic (‘oinhiii.ilum ol' 
potnssiiiin tliic'c*\ \mI!i IiI;mi\ II hmcN .in.ih'. Il I'nrms (li(|) nd 

rlioinbic f*r\sl.ils. soliilili m hnl s|n\\l\ «l< istmposrd l)\ u.ih i 'The 
(‘oiT( spoiuliiii^ sodium, iKiimm, pNiidiM, .iiid (|mii<ilm(‘ 

s.dls li:i\ ( ;dsn Ih i n ohi.iiiii d J 'I'llamc I IiI(m*\ .mm .i I « . 1 1( N i) n 

also t‘\isls. 

Titanium Salts of Organic Acids. ^ l<'iiii.di‘. doiil)li' lorm.drs 
\m11i llic alk.ili MK laK,“ and a coini 1< \ Immc ac< l.ilc of l<i‘\;dMil 
tdanmm ( \isl : .md onu of lli< cm k s|)(iiidmw ox.ilahs )ia\( incii 
prepan d by SbdiKr.^ 

Titanium Sesquioxalate, i')\d.dlisis m m Ilow 

])risms. soliibh* III w.il I r. w la n .dcf)li(il is add.i d I o .1 ■ (»liil 1011 ol’ I il.iiiiiim 
lricliloiid(‘ mi\(d wilb (\ccss nf <i\ die . ' nl 'I Ii' fnllnw 111 ^ double' 
s.ills ba\ (' abo bi'uiobl.nmd '! ii\II piC ‘Jll O, 'I'l K(CbO |K 2! I ,(), 
"i’l 1 1 b( ('.(), K 211^0, and llu e'oloiir «>! Hull nliilioiis show Ih.d Hay 
eoiit.im eom[)l( \ amoiis. 

'I'la lollow 111*^ oxalates of quadrivalent titanium li.i\ (' bi 1 11 pn pan d. 
1 1 \ dr<d< d I dill i \ I o\alab . 'l’i( )( 1 1 1 ,( K h.i ^ bi < n obl.iiia d iii an uii- 

cr\ slallised ( oiidilion b\ diss»>|\ mu lil.ma* ,a id in ( oiiei iilr.dt d .apa ons 
oxalic acid solidioii; d*. lio\\t\'i, lil.ime.Kid is bm|i d wilh alcoholic 
oxalic acid, and the solid am | 1 • ''ij al.i' « d w d h ( I la 1 , I'd )l\() , t\I 1 d )I I 
IS lornad as a <*r\ sl.illiia pn <'ijnl.d< . soinbli m wabr and alcohol, 
W'hilsl Ihc mon ba-ic sail, 'I’l d) .1 d ), I2ll^( ). n pn cipilab d l>\ alcohol 
from il coMcudi.d'd sohdioii of ox. die .U'ld niixid adh oia' ol lilanic 
acid III hsdrochhaic acal ‘ 

^rd.iiiN l(>x. die acid. If /I’d )i (' d ) jb 1 1 >0, isoblnind m Imiu laidhs, 
sohibh in* w.ibr and alcnlail. b\ diconipoin"' ds b.irinni sail. 
ll.i'riOlC' dlj)^ 211 d), N\dh "iilphnia .aid .n.d t s .ipm il inu I la nsnllinij 
solnlion *, lla* peil.issiiini and aminoninm s.dl , K /I d )(( ' ,0 ,)j 211 d ) 
and (MI , 1 /I'lOvC .0,1 JI d), h.i\c .ibo la ( n oblaiiad (i\slalliia \ 
])i ro.xidiscd ox.d.ib ol lla < oiMpo''d am 

C'd), 

(TiO.i.lC.O.'d), 01 ’I'd). d'd), 

‘ “ (d), 

has been oldaiiad b\ .M.i/ziiccla III .nal P.ml.iia III *’ 

Titanitartrates and Allied Salts. 'I'd. me ludioxidc dissobes in a 
eoneerdrab d solnlam of l.irl.iiic acal. and ahulml pneipdalcs Irom 
this solnhoii Ihc larhat. 'rii(’,II ,Oj, Ml d) whiM soinlioiis ol .dk.ih 
hvdroi,am larlndis disM.|\< lla- ^aiia Indn.xah' .md lonn ml.ilmons 
si ibsl .nice s ol’ lla e c»in| )osd ion 231 ^ ( ) 2 1 d )^ .>( j 1 1 d ^ , 1 1 1 .d )■ Ihc I i.isie 
tarlralc 'Fi d) ,OJn II d) h.is .dso ).. di obi. mad.' 'I’la tdani- 

tarlralcs, as well as inan\ ollar sails ol coniph x .icids lornad by 
tlu* (‘onibinat a>n ed bibb .icalu* oxah s wdh or'j.mic h\ di ox\ -.icid.s, 
ha\c been stialK'd b\ Ibiahrson, Orr aial Whibla.il '* who n cord 
the pn'\ ions p1cp.11. dam ol I danicdr.ib s, 1 lO. t 1 ).j, Id.miljir- 

' lloscnla mi aial ('••liii n.wr'i r/„ /// . I'Jnl, 28, li )7 

.^lahl.-i .111(1 ll.alii.m L'o J‘dl 44, J'hm; 

' Sf.dild, A’o , I ‘HI",. ;.S, Jal^ , ^ , 

‘ lloscillicllll .111(1 Nllllll' A('' '' '0.0/ / ('hnl , I'lOl, 20, I 

MVtluid. /.(/./, I VI } 116, l>l{ , , o -.0 

• .M.i//uccli.‘lli Jin-1 I’aii'mdli I/S /■* 18, 1. -dS 

‘ l’(is('nh(‘iin iind .^(linlic, dn ! 

® lIcridcLvin, Oir, and Wlutrl.c.id, ('him Sm' , 7:;, 
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1rjjt(s, TiO((’Jl 4 ()(.M ')2 Jiiicl Ti 0 :C 4 ll 30 ,,M', and iilaniniiirairs, 
TiO'C^lI^O^Sl', and liii\c old.iiiicd the following salts in a pure, 
(•r\ sial[is(‘(l stale : 


Sodiiiin litanil.irirate 
l^^lassnlI^ 

Annnoiiniin 

I'ai'iiiiii 

I'olassiuni lil.inuMlrale 
PolassiiiMi lilaminn(‘al(‘ 


Ti()((\II,(),\a)oSn,() 
‘jTiOd’, II, (), .10,011.0 
l>Ti()(C', 11,0, Nil, L 711.0 
TiO((‘,II,OJ,na all .() 
Ti 0 ((yi,O,K). ii>o 
TiOiCJT^O.K :JII.() 


All lh(s(“ salts are ])r(‘pare(l 1>\ dissoKin^f titanic ludroxide in a 
soliihnn ol the (‘orn spondiiuj metal hydrogen sail of I la* hvdroxy- 
acid. 'rii( \ are thus analni^niis l(» tartar i inelic ; and the eoiislilnl inns 
nl I h(‘ eninph \ a(‘ids mav llnis lx* repn senli‘d : 

Tilanilarlarie aeid : COOII I’ll O TiO O (11 COOII 

(^OOII ('ll Oil Cil(OII) COOII 

Tilanieilrie aeid : (('OOll ('ll.,) ,C O TiO O ('iCII., COOII) , 

■‘I I “ ■ 

(OOll (OOll 

Tilammiicie acid : ('OOll (Cl I 01 1 Cl I ■ Cl I ('OOll 

()._T,()--() 


Since lh(s<“ acids eonlain the radicli' TiO", Ihcpntix I it. in\ 1- is perhaps 
prehrahle to lilani-. V ])(io\idiscd lil.initarlraU' of the composition 
Ti(),('iII,0„‘2(',II-0,,K 011,0 has also been pn jian dd 

TITAMCM AM) SILICON 

Titanium Silicide. -PossibK lh<‘ sihcidc* "^ri ,Si exists as well as the 
disihcide 'I’lSu. 'rile l.illir has been prep.in d l)\ i^nilmi^ m a crucible 
a mi\tnr(‘ of 200 or.mis of alimimnim p(o\(l(r, ‘J.'iO trains of snljihiir. 
ISO Ln’ams of liiu* sand, and la i^rams of titanic acid or 1 i,n’ams of 
pot.issnim lilaiiilhiorid(‘, tlu whole b«-ini; com red with a la\(r oT 
inaLjnesnim powder. 

Titanium sihcide, TiSu, consists ol' small i^rev. tetragonal |)\r.nnids 
of (hnsitv 102 and hardness I a on Moh's scale; it is insoluble m 
mimral acids, e\ce[)l h\drollnoric aeid, but dissoKes slowly in 10 
per cent, potassinm Indroxide solution. 

PEirriTAMC A('II) AND THE PERTH ANA I’ES 

It was observed by Schonc that the addition of hvdrojreii iMroxide 
to a titanic solution ])rodnc(‘s a \ellow' colour. Then* are thus ])rodnced 
comi>()nnds of titanium siiptroxide, TiOj. This oxide is last [irodneed.’ 

^ Ma/7uc( lielli .'ind Piintaiiclli, AUi 11. Accml Lincet, 19U9, [v], i8, i, 518; Gazzdta, 
1910, 40 , 1 , 0IJl» 

- Ilinii'4«,eliTni(l, Gnnijif n ml , 1901), 143, 224 

* Silioiic, Jhnf}h7\ Vnlij ./ , 1S7.‘1, 210, 1117 

* (.'liisscTi. lin , ISSS, 21, 970, MelikolT and Piasnrjewski, Z?6r., 1898, 31, 079. 
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in a hydrated form, by slo\\ly addin*' lilnnie eliloridi' to diliile alcoliol, 
followed by a laru[e excess of ludrofren ixToxide ami llnai aiinnoimi or 
other alkali. A ruldisli vi'llow is lhii> ).ii)diieeil limn wliieli a 

yellow piV'eipilah irradiialK siparal*'.. wlin'li wlien (irn(l e«)iT( spoiuls 
approxnnalelv lo lli** foniuila 'I’lO . .“ILO ' rii< niiislioii wIuIIut 
tins eomponnd in.i\ be nalh 'I’lO^ II J) . “ilUO is lo be aiiswd'.d in 
the lU's'aliM* by reason (»r du l.iel That ils solnlioii does iiol sliow Llie 
reaelioii with ehroniie ai'nl eharaelerislie (»r li\ dro'^'en peroxidi , and 
also because of tlb* e\is(i nee (d“ llie lliiorow p* rl ilanah ^ {<{•'.) wineli 
are anhvdroiis dirnalnes of TiO. Th“ eon^liluhon of TiOj.’JiLO 
is til* i\ lore 

(llOl.Ti I 211.0- 
() 

or possibly 

OOII 

Ti H.O, 

>( 011 ), 

the [l(aninin Ixanif in matluv e.is* inor* lhan (pi.idn\ alt nl. 

Melikolf and Pissavjewski ^ ha\<‘ prtpaiid a niiinbir of sails of 
])( rlihmie aeid \mI li im'l.dlie snpt ro\id< s ))\ aildiii'j \m ll-eook rl Ii \ di(*nen 
peroxide loTiO 5 aij. follow t d b\ snilieu nl alkali lo niala a ek ai solid ion. 
Tlie s.dts are IIkii pneipilabd b\ alcohol 'I'Ik lollowini' eomponnd'. 
have Ihns beiai oblained : 

Na .( ) . Ti( ) I 1 .0, ( \I I ,) .( ) , Tii ) . 1 1 .0 .. 1 kiO . d’i( ) 5 .“>1 1 ,( ), 
Ix/UTiOj lon“(), (Xa/)d,“Ti,0 JOILO 

The eonstilnlion of lln liisl (wo sails is n pn s( nb d (hiis : 

NaOO 0 Ml, 00 0 

Ti I and 'I'l I 1 1.0 

NaO '() “ MI, 00 O 

For ihe lasi and snmlar sails M. lik*)!/ and I’issar|( w ski .issiime Ihe 
tilaniiim lobe more lhan *piadri\alenl, formnlal mL»( Na^O .) , d'l X)„.i()l| ,() 

“ (N..0 0).K. ..OONu), 

^M'l O Ti"' 10 1 1,0. 

NaO ONa 

The jlnoiorijiHililaiuih s. lo ^\hleh nlO’em* li.i . lain madi* abo\e, 
arc' fornu’d whc'ii alkali or alk.dim c.irlh llncaid' is added lo a lilainc 
aeitl solnlion eonlamin'' hedroifen jxroMcic ’ 'Ihe lollowini' are 
cxainiiles of these ervslalline salts 

Ti(),F..;3\ll,F, Ti(),F./2KF, TiO.FJiaF,. 

They are derivaiivis of pirlilanie aeid, in whieh an atom of oxv^'en has 
been ri'jdaeeil by h\o of llnoriiu' ; and are deeomjiosed b\ hvdrolhionc 
acid thus : 

» TiO^Fa d .2IIV - TiF, j 11,0,. 

' Levy, Compt rend , ISS'), 108, 294 

® MelikofT aixl Pissai)rusKi, ntunq (’hitr, ISH'I.'iq, 113 

® MdikofI 1111(1 Pissiiijewski, IJn , iSMS, 31 , liTS, ‘i").! 

* Piccini, Compt. rend y 1884, 97, lOlil, (inizilln, 1SS7, 17, 479 
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Tlic const iliiiion of T1O2F2 2KF may be thus represented : 

KF-F. /() 

>< I 

KK-- V- 

Mtiz/iicclielli and P.mtanelh ^ liave |)re|'arcd the followinj^ inor^Miue 
salts of lilaiiium peroxale: 

TiOo(KSO,).. 7 II A Ti()..(NaS(),)2 lOlI A 

TiO.“(N 1 1 ,S( ) rl I Ti( ) ,( LiSO ,) 2 711 .( ), 

TiO“(’l2 2 Na(:i UlLA TiO“ IV, Na.O :JII.,(). 

0(Ti 02 P2O5 NaoO)^ 2I.II2O. 

DETECTION AND ESTIMVTION OF TITANIEM 

Detection. — Titatmiin is deteeted in th(‘ dry way by the borax or 
phosphate bind rcaelion. The bead is not coloured wlun lu*at(d in 
the outer llanie, but in llie inner llanie shows a yellow colour while hot, 
and the charae I eristic \iolet colour of tilanons coinjKainds wlicn cold. 
The Molet colour appi-ars inore^ (iiiiekb whe n a particle of zine* or tin 
IS iniroducexl as a re*ducin» aifeiil. Jt‘ a small epianliiy of an iron salt 
IS fused into the titanium beael a ivd coleair is produce'd in l)ie‘ inner 
flame. Titanium ceimpoiinels dei not coleinr the Jhinscii llanie, but the 
arc or spark spe'clrnm of Ihis eleancnt coiilains a lar^^* number of lines, 
chiclly in the blue* and ^^rreMi.*-^ 

The titanium present in minerals such as rutile is best bronjrlil 
into solution by fusion with polassium p\ reisulphate, when the folle>w’in|^ 
reaction take s place : 

TiOa -I- 2K0S2O, = Ti(SO.,)o 1 - 2IC2SO.1. 

The fused mass can theai be dissolvc'd in eeild winter. Fusion wuth 
sodium carbonate iireuluces sodium metatit.inatc, insoluble in w'ater, 
but soluble* m acids. 

From a titanic solution, the* hydroxide, Ti(01l)4, easily soluble in acids, 
is precipitated by potassium hyelroxide in the cold. From the hot solu- 
tion alkali precipitates less soluble* Ti0(011)2. Alkali aee*tatcs on boiling 
cause the jireeipitation of Ti0(01I)2 from titanium tctracliloride solid ion, 
owing to hydrolysis. Me)re'o\er, all titanic salts are* h_\elrol)sed when 
their dilute solutions are l)oile*d ; conseejuently titanium can be* si*])aralcd 
from aluminium, irem, and ehromium by fusion with jiotassium pyro- 
sulphatc, KgSgO-, dissolving the melt in much cold W'ater and then 
heating to rioiling. Tartaric and eilrie acids prevent this hydrolysis 
by the formation of complex salts. IJoihng w'lth sodium thiosulphate 
causes a similar hydrolysis, the thiosulphurie acid formed decomposing 
with separation of suljiliur, thus ; 

TiCl4 + 2Na2S203 + ^IlaO = TiOCOH)^ -|- 4 NaCl + 2II2SO8 + 2 S. 

This reaction also serves to separate titanium from iron. Potassium 
ferrocyanidc gives a brown precipitate. in slightly acid titanic solution?. 

Hydrogen peroxide, wh(*n added to a slightly acid solution of a 
titanic salt, produces a yellow or orange-red colour ® according to conccn- 

' Mazzudcholli and Pantanelli, AUt R. Accad. lAncei, 1909, [v], 18 , i, 608. 

« Vide ]) 234 

■ Schonc, iMngl. Poly J., 1873, 210 , 317. 
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tration, owin^ lo the forniiilion of TiO.^. This is a very delicate reaehon 
for titanium, hut \aniulu* neid {^ives a similar colour uith liNdroj^cn 
peroxide. 

When a soliilioii of a lihiiiu' compound m li\ drocliloric acid is 
reduced liy Im or /me a \ loh I solution of lil.iiiiuiu IneliNa’idc is produced 
whieh VK Ids a mo 1( t pncipilah*. turning while hy oxidation. 'J'hc 
violet .solution hecomi's pink on dilution, 'fills is also a dilicate colour 
reaction lor Lil.inium. (^uadnxahnt lil.uuum m nioder.dely dilute 
.solution oiV(‘s with dih\di'ox\ nial< ic acid a luilliant oranj^e colour; 
tcrvali'iiL titanium j^ues a dull ^dlowisli hrown colour, clian^,u‘d lo 
oran^(‘ l)v oxidation.^ 

'litanic oxide is distmirdished and s< parati il Ironi silica hy lieatin;^ 
it with a mixlurt* of In drolliioric and sulphiuie .‘leids. Under these 
conditions tlu* silica is eh.mtrid into i/.imous hIicou li I r.dliioride, and 
IS thus eliminated, whilst titanic oxide nui.iuis. Iiidied, titanium 
tctrafliioride is ijuantitaln ely chani^eil into titanic o\ide hy e\ apor.ition 
with sulphuric acid. 

Estimation. -Titanium is esluual<‘d Ljra\ him li lealK in tin* lorm of 
its dioxide, 'fiO.^. This is pn cipit.iti d in the Indralid form hy adding 
ammonia to a titanic .solution, or h\ th(‘ IndioKsis of the acetate** 
or sulph.iti, as explained aho\e. 

It may also he istimated coloriiiH tricallv, h\ nuans ol I Ik hMlrojjfen 
peroxide reaction'^; this is a nulhod suilalih* for tin* deli rmmation 
of small (piantitiis of the (hnniit oeciiiTiuif in loeks. The titanium is 
hroui*hl into solution as siiljihate hv I’lismn with potassium ])\ rosulpliate, 
K^SjO,, and extraction with water : then to a smlahlx diliiUd xolume 
of this solTilion, in priseiiceMif fne sulphuric aeid, hsdroifen piroxid(‘ 
is added, and thi‘ colour produced is malehid with standard titanic 
sul])hale solution. II\dr«)lhioric acid interims with this reactiem, l)ut 
small (piantities of ire>n de> not ; chre)mic, niolshdie*, and \anadic acids 
must, how'cvcT, he ahsent. A solutieMi of tliMueil m concentrated 
suljjliiiric acid is a more delicate colen-inu trie ria.i^e nl for titanium than 
hydro ere 11 pe reixieh-.'* 

Lastly, titanium ma\ hi‘ estimaleel \ e)huui I immIIv hv ri'diicm^ its 
acid solution te) tlu* tervalent condition h\ means ol /mi*, and hiratmef 
with standard permam^anale seduliou, with sl.uielarel firrie chloride 
solution m presence of jiejlassmm tluoc\anal( or with standard 
methylene blue.** 

' Konte)!!, Tnim ('horn S(n , l!Mis, 93, laiil ; /}(t , l!)li), 4^, Ji>7. 

® {ind Isli.un, ./ htir/ Chnn Sin , ItUO, 32, '*.,7 

® We’llor, lUr , IStSj, 15, 2 .V.M. 

* Lcnhcr .'inel Craw tenet. ./ JM<r ('hnn s'/m' , 191.'), 35, 1:IK 

Knccht anel llilebi-it, iUr , l‘}0:i, 36, fija 

“ Ilibbcrt, J. S<K Chan Indy 19U9, 28, IsU , iXmenaiin finel Miirpliv, Zcituck anyew. 
Chem.y 1913, 26 , 013. 



CIlAFrKU V 

ZIRCONIUM AND ITS COMPOUNDS 

ZllU'OXllAl 

Symbol, Zr. Atomic- uc-i^rht, !)0 (i (O - -■ lO) 

Occurrence. Tlu- cliu-r ziu-omiim miiu ral is uv hifiicinthy which 

IS the orlhosilicatc ZiSiO,; il is a common acccssorv coiisliLucrit of 
i^mcoits rocks, siicli as ^^ramte, syiiiiLc, chorilc, etc., ami also occurs iii 
l^ramilar Imusloiic. It tonus Iclrajronal ci-Nslals, which arc Irccpiciil ly 
brow’ll, but ma\ be colourless, rc-tl, vi llow, ^rcen, blm-, etc. Its deusily 
is !■ (5 to 4-8 and hardiu-ss 7 5 on Molds scale-. C’olourlc-ss and smoky 
zireou IS callc‘d and this w.is Ihoiijrht by Sorby ^ to coulam a 

new’ element owiiiir to iK i)eeuh;ir absor|)lion siHclrum, uiilil it wns 
show’ll that the obs(r\(d hill s wire dm loan oxide o( urtimuui Zircon 
occurs chutly in CV\lou, the Urals, (he Isle- ot Harris, (irei nla.iid, 
Australia, and near Ureen Hi\er, Xorlh C'aroliiia. liadddcijtlrr wliieh 
occurs 111 Ciylon and llr.i/il, consisls of ziicoimi, ZrO^, In^rilher wilh 
traces of other o\ide-s,-* anel cnduihfh’, aduplnilf, and zuron-pyxKwnc 
are silicates conlainin^^ zirconia. Zircemium alsei oee-urs in a numbe-r 
of iiiiceimmou minerals, teij^e-lher with the- rare- earths, aiicl is widely 
difl'use-d through vaiiems igneous rejcks. 

History. — In 1789, the- \c-ar of (he- elisce)\e-rv of tilaniiun, Klajiroth * 
iseilate-d from Ihi- mineral zircon a iie-w’ carlli which he- c-alle-d zuanna, 
and in 1795** he- extrae-leel the same- subsl.iiie-i- from the- nime-ral 
hyacinth, Idiiiiel in Ce-\ Ion. Jhr/e-liiis,*' m 1818, traced an analo^ry 
be-tvvee-n zircemia and aliimma ; I’fafl’,’ m LSiiO, slieiweel that zireou anel 
rutile are- isomorjihenis ; anel Slreime s e-r,^ iii 18‘2‘2, Ibunel /ire eaiia in 
the mineral e-iielialyle-. 'I'he- pre paraliou of mi lallic zin-einium and 
the- stuely of its compounels was c.irrie-el eait by Ihrze-hus® in a series 
eif rese-arches be-tween 1821 anel 18.‘55. Il was .ille-^^cel by S\ allbe•r;,^^'^ 
111 1815, that yire-e>nia e-onlains the oxides of three ne-W’ e-le-menls, but 
this belief subse‘e]ue-ntlv ])re)\iel to be- erroneous. 

Preparation of Metallic Zirconium, /ircoma, eleri\e-el fremi zire-oii, 
is the start iiifjf-point for the preparation ed me tallic zire-oiuum anel its 
compemnels. The metal was first oblauieel by Ihrzehus,^^ in 1821, 
by liealing togclhcr potassium zirconiihiondc and potassium. Tlie- 

‘ Sorby, Chm AVirj, 1870, 2i, 73 

• We-Lss anil Jx-hniann, Zeitsih anonj ('hm , 1009, 65, 178 

• Wrelc-binil, Ztilsch anynr, ('him., 1908, 2i, 2270, Her, 1910, 43, 290 

• Klaproth, Ilnti , 1789, i, 203, (JraWs Annnlttif 1789, i, 7. 

“ Kla])roth, licitr.y i, 227. 

• Borzcliiis, AfJiandl. Fys. Kcm , 1818, 5»^6. 

’ Pfaff, Scfnuujger's J., 1820, 28, 102. 

® Stromoycr, Jahresber , 1822, z, 40 

® Ik-r/A-liua, Fogg. Annalen, 1824, 4, 117 et seq. 

Svanberg, Pogg. Annaler}, 184,'3, 65, 317. 

u Berzelius, Pogg Annalen, 1821, 4, 117 
200 
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rcartion is analofjoiis to tliiil by wliich lu* luul obtained silicon iii Hie 
prc\ions year, \r/ : 

Kyirl‘\, ! IK Zr ' liKl*’ 

Laid’. Hie rnelal \\.is pivpind b\ 'I'rodsl ‘ b\ juissini^ /irconmni (elva- 
chlonde \apoiir nxir liciled sndiiiiii or ■siiim. \\ ( iss and 

Neumann - oblaiiud Ha pn\\d<rid na l,d l>\ imimiil: jiolassium /ireoi i- 
fliioride \mHi pnriiad sodimm eoviriia' Ha- iiii\.Imu with p(»(.issmni 
cliloride, conijm-ssmi; i( nilo an non M-d, and slarlim; Hie n.iclion 
by means oi a tlaine. d’la* prodnel was wa 'la d w il Ii aleola)! and In dro- 
chloric acid. Rv siibshlnlmir ahiminnim lor sodinni a la I hr product, 
conlainmtf tM)-S per C(iil. of Hie na lal, was oblaiiad b« h and llani- 
l)ur<,'er •* Iia\t' ]>rt p.iied Ha* nalal In KdueinLj Ha' aiiindrniis chloride 
with sodium 111 a ^acllllnl 

An alh rnaiivc mel iiod of pn pai iiii^^ /iieomiim is Ion diice ils o\idc 
by aiiollaT metal or b\ caiboii 'I’liiis IMiip>on * laaled the dio\id(‘ 
with iiiaj^nesmm pow<l(‘r and ohiaiiad /iieoniimi as a hlaek. \<l\etv 
pow’d( r ; Winkhr,'* howextr. on p.is'.iin; Indroirin o\ er a healed 
niixtiire of /in'onia and iiiauiasmin ohtaiiad Ha solid Ii\dnd(‘ Zrll^, 
nii\(d wilh nnchaiii((d zirconia. Wedekind,*' on IIk' ollar h.iial, 
obtanad colloidal /irconiimi. which rorna d a dark blue suspension in 
water, lo<r( Hu r with the nitrah* Zr>\ by Ha re-aelioii lahveui zircoma 
and mai,mcsmm in jnescnce of an. 

Moissan ^ prepared zirconium bv laatmii Ha o\id(‘ with exce'ss 
of c.irbon m an (‘hctric riirnace and liisna^r Hie iisnllmir carbide' wath 
excess of zirconia The ti'iiipe ral iin of n duel ion of zircon la bv carbon 
IS about 1.100 <* « 

LaslK, \\'< d( kmePMias oblanud a nu talhc powder coiitaminir 00 
])cr cent, of /nconinni bv reeliiciiiLT |ht dioxide wilh calcinm m an 
cNaciialed iron xessel 'J’lie p«»w<l(i piodin*id wa. uaslied sllcccs^l\ elv 
with water, acetic acnl, diliile* In elrochloi ic ae*ni .mel ae-e heiie* in absence* 
of air, elrie*el in xarno at ‘J.IO '-.*>00 (' . and Ha ii he.ih'd lo SOO ' 1000 ' C. 
The* iiu'tal has bte n nne*slic.ihel an<il\ lie*.ilK b\ W e eli kind and lawis.^® 
Properties of ZirGoniimi. \na)r|>hoiis /ne*oniimi prijiaie'e! by the 
nie*the)el eif Re-rze Inis, n a coal-bl.ie*k jioweh r w hie*h is ;i b.ul coneliiclor 
ed' cle'ctncily .Vccorehntj h) Weelekmd and I.e-AMs" Ha likick, anior- 
phems zircemmm eif Rer/ehns n iieet an melniehial snbstanct but a, erel, 
W'liicli re'taiiis waleT meisl pi 1 1 ni.icioiisix 'The* i,n l h.is .i de nsily of 
.‘5 75 , blit aflir dr\ni^r 'it looo m a )iii,di xa(*ninii its densily 
lie conics .> 70 . Imen'jilions /nee»iimni appi.iis lo be* Ha* colloielal 
niodiCication of Hu* metal: ;md Hu* two na dilie atioias of zircemnim 
bear to one anedher the same* re kilion ,is do amorphous aiiel crystalline* 
silicon. (T\ stallise <1 zirceminm, as prepared bv Weiss and Ne*nmanii,'‘'* 

‘ Tiaost, Comiil. n ixl IseJ"), 6i, U'M 

- We*is^ ami Niaiinanii. nmitt/ Chan , I'UO. Ije;, i'|s 

** Le-I\ iinel llainlMJi;;e’i /( hi/i m <>■/ Chnu, l‘in, 87, l’il“ 

* I’lupMjii, Cttiiiii/ n iiif , l.S'i'i, 61, Tl.i \\ ml In Hit , Is'M, j], SSH 

” Weell'kiiid, '/iihfh mtoif ( hnn I'Ml"* ‘5''S 

‘ Moi'<s/ni, Ctiinff iiixf, |SM! Ml* .il-'i I III 1 1 i/ni I uiiinit (Arnolel, 

IJHUI, p I7J • 

“ (tiee-iiwooei, Tuint ('In ni .x'm , <>3, 1 I'll 

*' Wnte-kinel, Antnthv, iJlhk 395, M'l 
Wtnli'kinel .anil IxewKS, Tfai.'i i'lnni. Sor , 1909 . 915, ITai 
” Wc’ele*kiii(l and Lf'Mis, Xurnthu 1 * 0 ‘I, 395, 1 19 
“ Wcihs and Neiiiii.inii Knlstk (nuini ('In hi, 19in 6^, J|s 
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is white, and resembles cast-iron. It forms broad, monoclinic plates, 
and has a density of 4-15 (Troost), 4-25 (Moissan), or 0-40 (Weiss and 
Neumann). It has a hardness of 7-8 on Mob’s scab* and seraiclics 
plass and the ruby; its speeifie heat is 0 OOCG ^ or 0 0801- (Weiss and 
Neumann) ; it melts at about 1530° C.^ 1’he are, sparlc, and absorption 
spectra of the metal have been studied by various ob-*ervers.® The 
most intense lines in the s|Helriim (»f zireonnini are as follow^: 

Are : 3302 1 1, 3 190 38, 3S00- 10, 3801-53, 3020 71, 3973 03. 

4081 10, 4227 01-, 4230-10, 1282 30, 1-507-32, 1.535 00, 4575-00, 
4031-20, 4087 90, 1088-03, 1.710-23, 4730 08, 1772-50, 18’. 5-80, 
0127 01. 


Spark: 3302 20, 3138 30, 3100-10, 3550-80, 3008-41, 375T-S5, 
38.30 08, .30.58-30, 3001-31, 3000-18, 1140-13, 1200-21, 1380-12, 
4113 31, 110178. 1107-27. 

The most persistent, i.e. tlie ultimate liiu's in the spark sped rum, 
are 3.301 8 ami .3.392-1.*^ 

Tlie ervstalline metal is very .stable in the air, and burns only slowly 
at a white heat, thoiifjh mor(‘ rajudly in the o\\ -Jiydrof^en blowpipe 
llaiiie ; \^]len combustion is ineoniplete the ]>rodnei eonlains some 
sesepuoxide, Zr4),. The amorphous metal burns more rt'adily. The 
h('al of eombusfion of 1 j^ram is 1058-7 calories (Weiss and Neumann). 
When lieated to dull redness in chlorine or hydrogen cliloride the 
metal yields the tetrachloride, and it eombines wilh hydro.iriai at a 
red heal to form the solid dihydridi- Zrllo. 

Zirconium is but slowly attacked whiai heated \\ith hydrochloric, 
nitric, or snljihurie acid, but is rapidly oxidised b\ aipia ref,na. Hydro- 
fluoric acid is tlu‘ best solv(‘nt for this metal, the cold diliiLi- acid i-asily 
dissolvinj' it ; caustic alkalis also dissolve zireonmm \\ilh evolution of 
hydrogen. Zirconium jirejiarations sometimes showradioadn ily, owinj' 
probably to the jiresencc of thorium as an uupuiify.*’’ 


ATOMIC’ WKKillT OK ZIIU’ONTUM 

Thai the atomic weit^hl of zirconium is a])[)roximatc*ly 00 is evident 
from a consideration of its sjx'citie heal, and ot the isoniorjihism ot 
its compounds with those of tin, silicon, and h'ad ; and, linally, from a 
study of the Periodic Table.’ 

Various atteinjits have been made to del ermine with accuracy the 
atomic weif,dit of zirconium. Berzelius ” in 1825, by iffnilinf,r the neutral 
sulphate Zr(S 04 ) 2 , obtained the following value for the ratio 

ZrOg : SO., 0 75853 : 1, 

‘ MixIlt ,‘ind iMn.i, Annalen, 1873, 169, 388 

2 VuIp Wfdc-kuid, Annakiu U)!-, 395. tilt 
TliAlcn, Ann Vhim. Phi/s , 18(»8, tiv], i8, '22H; Troost and Hautcfouillo. ('umitt 
erwi., 1871, 73, .503 ; Kxnor and Hascliok, /v Akwl ll'ev?, 18«»8. Kl M.i, 

07, 813, l.ocky(T, Tians , 1881, 173; KowUnd and llxmryon, A stroplnp J., 185)8, 
7, 273, 373 , ilachem, Z(U. litw Phulorlmn., 1910, 8, 310, Soo't, Jahesber., 187.5, 215). 
Hoc also HA. JtepoH, 1908, 110. 

< l^xnrr and Hasclu-k, IM SprUren der Elcmenti bci normahm J). iicl (Lc-ipzijr and 
Wien, 1911) 

* IjTonard, Set. Pioc Koif. ])ubl Sor ^ 15)97 8, iz, 270 

• Gockcl, Chem Zcil , 1909, 33, 1121 

’ The arminioiita are prociselv the .as those set forth under titanium, p. 23.5. 

® Berzoliiia, Pogg Annalen, 1825, 4, 120 
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for the at, mm. .W' ic' m;,:' 1 1 «'> 

and obtained the lbll.;un,;\;,|luVLr li!e 

ZrO, -K,Zil\ 

K^SOi . K ,ZrF,. 

/rO, :K“S()/ 


00 o:i 
= 01 ;>!. 
- 00 OS. 


1, uh.ncv/i 

0 ()l *1^ '/f. 

Zr 

Assuniirii^ of ;i(*(*inMc\ (nr p-wO nf i 

atomic wen-lit of zireonniin is !M) 7 - a r.siill ,.| T’ ‘ 

that aeee,,le,l at the presei, ( '‘PP^oMnialmK to 

Ti.cM!::;sS:;r,r;":a;7,.r 

larly (hose of Hailey « in isiio.ind Venal, I, ’ m' iwis' '''' 

vahies 'n,r itu" ralK?s'‘S'. ZrlSo',') " !'i,''i"y,o "/rts'o 
smiilarly ignited the snlplial.-. I.iil i, a ,1 iiihl, ena i /".r 

5Sre:s.';;!S=,-- 

trpnJrlasic''ehl.!;::h.'''^ 

and snhse,|n( n( ,,r,,l.,ne,V;emiV,M:.l\n^ 

thus enal,hn« the r.ilio ZrO, • ZrOCL UIIJ) |., |„. 

lie rcsulLs of tlu-sc iiivi shiralors u, (|,(> (nllouin^r (able: 
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1 

Hallo |)( (( umn(‘d 
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1 \|) 11 - 
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s 
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Hailey 
Venable , 

ZrO.iZrfSO,), 

ZrO. • Zr(Si(),)„ 
ZrO, : Zi’tSO,)," 
ZrO" : ZrOt'I.ruIjO 

0 101.70 ' I 

0 ;j-r,7.s ■ I 

0 10072 : I 
- 0 ,720S0 : 1 
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: a ' 

s 

! : 

HO-S 1 

00 70 

00 or, 

00 SI 


^ This and the. siim-Dilm^r | Jio .ifi.im. u.-i-hf Mr/iKf.inm., n,.f n... <■ 

givfii by tho iim-,lm;it.ns m llu* (.ii.jiii.d m. I.m lu\. I.mmi .'il,'nhird fi m 

19 0Jd, and So - 79 17(5 .J.moo, =, 

^ Horm.inii, J prnkL ( hem . ISU. 31, 77 

ton,’ voT hv! N 7 /Vm'l(l"p'''>S 7 "^"''' '•""‘■. lioiH. Washing. 

! I >'<90, 46, 71 
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Assuming that the mean values for the atomic weifjht of zirconium, 
as in th(‘ last column of the talilc, arc of equal imporlance, llie 

fjeneral nuaii bce()m(‘s Zr— 90‘15. Hut this is unsal isfaetory on 
account of lh(‘ discrepancy Inlwei'ii two xalius found by 

Wcibiill. Tin Ksulls of l>ail(\ and Venable appc'ar to b(“ llu‘ most 
relial)l<‘, Ihe mean of lhes( lx ini' Zr 9()-70. \e\ erl lieli ss the ri^iure 

aecejilid bv the Tni( rnalional (’omimltec* (»n Atomic Weij'lils for 1!)17 
IS Zi* — 90*6; a ^ahle that eMdeidly needs revision. 


COMPOUNDS OF ZIRCONIUM 

Wilh Ihe e\c(‘j>lion of Ihe dihvdnde and s(‘s(]uio\id(', zirconium 
is quadriN ah nl m <dl its know n compounds. In this respect i1 nsiaiiblcs 
th •rnmi rallur ilian tilanumi. Tin' characteristic /ircomihiorides 
eonnec' zirconmm with silicon, lilaiimm. and tin; llu* exislinee of a 
slabie nitrate shows lh(‘ siqx rior ni( lalhc projnrlies of this natal 
The < liicf conqiouiKU are lure* l.ibiilaled . 


Ihdiich . ZrlE (solid) 

Superoxides 

Zr.,()-,, ZrOj, 

Halides. . ZrF„ and 

Sulphuh' 

Composilion nil 

othi 1 conipl(*x Ihi- 


know’ll. 

oiid(‘s. 

Owsiilpliich' 

ZiOS. 

Zr(i addition com- 

Sul|)liai(* 

Zr(S(),) HI./), 

pounds with NH j, 


complex sill 

< 1c 


pliaies. 

ZiOU,. 

Nitrides 

Zr,X„Zr.,\../r^ 

ZiJb ,.‘^Z.()l}r,. 

Nitrate 

Zr(N(),),T>Il,() 

Zil,, ZiOl,. 

G.iihuh* 

Zr(k 

Oxides and. Zr.O, 

Sihcidi* 

ZiSi,. 

Hydioxides ZiO,’. Zi().,.HX), 

Sihe.iti* 

ZiSiO,. 

\ ai ions /iiconales. 

lloride 

Zr.ll,. 


Zirconium Hydride, Zrll^. — ^^Phis liydride docs not bi'loui' to the 
cate^orv which includes the lelralivdruh's of carlion, silicon, and 
jTcnuanuiin ; for Ihcse an* gaseous hvdruh's, whilst zirconmm h\dride 
IS solid, like Ihe ludndes of Ihc alkali and alkaline earlli melals. Zir- 
conium Indride was olitaimd bv Winkler.^ mixed wilh unchan, ijed 
zircoiiia, by ])assm<' Indroi'cn o\cr a healed mixlnre of zirconia aiuU 
ma'^mcsnmi powder; bv Weiss and NiMimann,^ as a <'rev solid, whim 
hydrogen is ])ass<‘d over nsl-hol zircoiimm ; and bv Wedekind ^ by lu'al- 
iiijr the powdered metal to TOO"* (k in hvdro^'en at a ju'essure of I -.5 
atmosphere. The hydride burns in air to the s('s(|uio\id(‘; its dis- 
sociation-jiressiirc up to 1100° C. has been measured })y Wedekind.^ 

ZIIlCONll M AND THE HALOGENS 

In nciordancc with the almost unexceptional quadri\ aleucy of 
zirconium, only the tetrahahdes Zi’T^, Zr(’l,, Zrllr,, ZrT , are known. 
tOf,a'lher w’lth some ox\ halides, double or ccaiqiltx haluhs.'and addition 
compounds. 

> WinKlf^, /*r, mi, 24 , 888 

^ Weiss nnd Neumann, Zalsrh anorg. Chon., 1010, 65, 248 

' Wedckiixl, 191.3, 305, 140 
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nix. Chloride, /r(’I,, is fomit d ni ;i \ .irn I v of ^vavs uliifh 

.iraclcrishc of |]|(. mainuT (»!' lorm.ihon of iion-mi lallic'rltlur tlian 

•rat-dh:'::'?- ■' ^ (■)'*vthea 7.::„7r ei:io;;7 

a rul-hol niiMuTe ol /.im,n or /.n.oMM and elM,..„,,| |h,. f„rn,er 

^ vUiIUt, ("/f W/ Zf(f nias 5 .>,IKh» 

3 Zft/sf// fninn/ ('hnu. Is')! lo l>l 

Uclls .inri Tooio, \j„,r J Srt , IS'J7, ?, Kia 

6 ['”1. 6o, L’.")7 

•S.S.-liS, ,T,n,..en;, 
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case zirconium tetrachloride is mixed with silicon tetrachloride derived 
from the silica of the mineral ; (ii) by the action of chlorine or hydrogen- 
chloride gas on the lieated metal, ‘ when the ehlorule is obtained as 
a \\hite. ervslallme siililimate ; (iii) by the action of ehlorinc on the 
carbide, ZiC,- at (’. : (i\) by healing the oxide wilh phosphorus 

])('nlaehl(ii i(h in ii scaled tiilieat 190'^ •*; (v) by heating (Ik* ()\y(‘hIoridc, 
ZrOl'l.^ f(» 110" (\ in a stream of h\drogen chlcn’idc.* According to 
Leh and Hamburger,'* howc\er, zireonnim chloiide is best jireparcd by 
the action of chlorine and carbon tetrachloride on the oxide at SOO" Cl. ; 
and Hoiinon •* has found that tin* ))ur<‘ chloride is rapidly obtained by 
passing the vapour of sul])hnr moiiochletridc over he ated thoria. 

Zireemium chloride is a white, crystalline solid which fumes in moist 
air and reacts vigorously with water, forming the oxvchloride' ZrOC’H 
which remains in solid leai. Ziiconnim ehloiide forms no erystallo- 
hydrale with w<iter, but swlilimes when h(‘at(‘d, vuldmg a \aponr 
whose densitv at tlO” C. is .s-1.5 (air -- 1)’ or (H = 1) (tlieory 

for Zr(d 4 re (piires 110 2); it may apparently lx recryst.ilhse d fre)m 
hydrochloric acid, but the preulncl probably contains some o\\ ehle)riel(‘. 

Addition Compounds of Zirconium Chloride. bik(‘othe r nu lalleaeial 
chlorieles, zireonium tetrachloride forms xariexis addition compounds 
with ammonia, t)he)s])horiis pe ntaehlondi*, it(‘. 

According to Matthews.® th(‘ se)hd tetrachloride* cexnlime s at ordinary 
te'injie ralure with ‘2 medecnli's of ammemia, at higher le-mperature* with 
4 mede e*ule s, and in e tluTe'al sohitie)n \ le lets with ammeuna the ce)mpe»iind 
ZrCijSMIj. Stabler and l)enK,‘» he)we*\ir, eibtaiiieel ZrCijSNHjby 
passing ainnionia e»\er zirconium te trachloriele* at atmosphe riei te m|)e ra- 
lure as long as increase in weight oe-enrreel. The* prexluct W’lis a loei^e* 
wiiite* ]X)welcr, which esisilv leist ammeinia. aiiel W'lth water preieluexel 
zirconium hyelroxide and ammeniium ehleirule. At a higluT te mpe rature* 
the- product e*orre sponele-el appre»\imale ly tei ZrCi,XlI, 

With ph<)s])he»rus pe ntae*hle>riele* the* comple-x ‘iZrC'l, Hi- is leirmed 
as a white* mass mi*Ilmg at ‘210° ('. and beiilmg at .T2.)° C. The* l(>llow’ing 
addition anel sulisldution organic ceanpeiunds are* kneiwm^^; 

Zr(i.,2C6Tl5(()()C2ll5, Zr(i,(0C6lli(’0(H\,II,)2, 

Zr(l,(()CoIIia)()(Tl 3 ) 2 , ZrCi,(OC„II,ril()),, 

ZrCigfCeHsCOOjo 

Sodiinn Ziiconichloj'idc, XagZrCig. ap])e*ars te» be formceP- when 
zirconiimi chloride* is sublimed over fused sexliiim e-hleimle* ; anel 
'pyiidhie and quinoline compounds of this type, (C’ jr 5 N) 2 HoZr( I,, anel 
(C,jlI,N).Jl 2 ZrCi(„ have been pre*pared.*® 

^ l?e*r/A*liu.s, /’ew/v Antuthn, 1SJ4, 4, 117, Tioost, Comjit icnd., 18(5.), 61, lO'J 

^ \\ ccldtind, Zvilsch nnnuj ('hem, 1902, 33, SI 

* E. F. Smith anel Jlarrw, ./. Amn ('hem .SW , 1891. 17 , Or)! 

* Ve'nahle?, J. Amrr dhem. Sor ^ 1891, 16, 169, 'han'* ('hnn iSV , ISO-), 67, 812 

“ Lely !iiul fl.imhuTtreT, Znt/nh an^rg ('hrm , 191 1, 87, 209 

" JhiijiKui, Avn ('him. I'hif't , 1910, [viiil, 20, rilT, 21, 49 

' I>e'\illi* and 'I'loost, ('ompt icnJ , 1857, 45, 821. 

* MatthcW'i, ./ Amcr. Chcni Soc , 1898,20, 8i5. * 

® Stalilor fiTut De-nk. Jicr , 1905, 38, 2011. 

Paykiill, Jirr , 1872, 6, 1407. 

RoseMiheim anel.Hcrtzrnann, /ier , 1907, 40, 810 

Paykull, lot. at. 

Rosenheim niiel Fiank, Her , 1905, 38, Si 2 
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Zirconium Oxychlorides. — Allhonjrh zirconium cliloridc dissolves in 
water, hydrolysis takes ])I.iee, the solution Ix'coines aeid, and ih(' oxy- 
chloride, ZrOC'K. IS formed m solution; whilst a solid ion of /ireonnnn 
liy lro\id(‘ in hydroehlorie aeid (h j>ositson < \ * ** iporal ion li I r. iLfnii.il ers si ids 
ol Zi'OCl, .Sir.^().i When tills etniipoiind is ln .iled 1o 100 ('. m .1 sircniii 
ol li>dro;:fin ehloridi' ZrOC'L '‘ULt) is Innie d, .iiid wlu n d is reeiwst.illised 
from eoiieeidr.di (1 h\ droehl<»rie .leid Zi()( Loll^O scp.n.dis - Aeeonl- 
inj' to ClimntiHl * ZrOCK forms li\ dr.d* s“w d h” 2. ;}.■). 0, ;iiid S II^O. 
The o\\ (“Idol id( Zr/)(.‘1„ is formed wli<n the It I i.ieliloridi* is healed 
in a eiirre 111 ol o\\Lfen,* aiul Zr/) 5 ('l, when an aleediolie sohdion of 
/rOClo is pri eipilattd with dlnr'’ ('liaii\ en< I,'* howe\er, iriaiid.iins 
tiui the oiiIn oxychloride hesidis ZiOCI, is Zr.OjC’L, which exists iii 
th(“ aiiliN (Irons aiiri mono- and lri-h\ dr.ilt d foim^’. When a solnlion 
of /ireonmm ow eliloruh' is diaKsid (‘(dlnid.il /ireomnm hulroxide 
residls. 

Zirconium Bromide, ZrUr,. n s( mbit s Ihe eliloridi* in ds manner of 
formal 1011 and jjrojxrlns. Il is form'd by |)assmit bromnu' yapoiir 
wdh carbon dio\id( ^a . om r a htabd mixi'ireol /ire(»nia ’ and carbon, 
or oMi’ r<d-hol /ireonmm or ds earliidt ^ it is a whd(‘, er\slallnie 
powdd* wliieh dissoKis m wabr, h»rmm*^^ I Ik o\\broniid(' ZrOllr.^; 
it forms wdh ammonia ^^as at 10 ('. IIk eom))oniid ZrBr, lONTI, 
(Stalili r and 1)( nk), and absorbs .immoimi m ellurial sohdion, fonninj^ 
ZrJlr, IXII 5 The bromide also combiiK s wdh illi\lamine, aniline, 
and pM’idiiu. and forms I Ik* pMidminm sail ((' J I ,Xll)//rnr,,.'‘> 

Zirconium Oxybromides i'< s( an bl I lheo\\elilorid( sJ' I>\ llK‘e\apo- 
ration om r snlplinrie 4ieid of .111 .KpKoiis solnlion of IIk* t( Ira bromide 
crystals of Zi ()l{i\ SlhO *- ar»‘ IbiiiKd. and wlnai llusi* are laaibal to 
1()()'’-120' C. Ill a eiirnid of li\dr(»ir(n bromide Zr()l>i\ llI.^O nsnlbs; 
whilst from a solution of tdaninm h\dro\ide m lisdrobromic acad the 
compounds Zr(()ll) .I>r ‘ill and Zr(()II){Hr II/) i*an lx* obtained. 

Zirconium Iodide, Zrl,, was pn p.ired 111 an impure sbd(‘ by Dimnis 
and Spencer’* by jiassmj^ hxdrotfdi lodak* ifas over zircon inm heated 
to redness; and Stahkraiid Dink obtained the impure iodide as a 
rnsl-colonn d siiblimati* by the same nnlhod, llie nntal or llii' carbide 
bein<T (anplo^ld, and freid it from iodine by shakiii;^^ d wdh benzene. 

Ziri‘onmni iodide is a brown jiowihr wliieli fumes in thi' air and ' 
reacts ^ie(>rons|\ with watir and alcohol, d eombines wiHi elher to 
form Zrl, l(CoIl,)>0, and with ammonia to form ZrI,..sXn.,. 

Zirconium Oxy~iodide, ZiOI^ Mil./), was obtaiiKil by \en.ible and 
IJaskerville by dissohmi; zireonmm liMlroxide m hydrimlie acid, 

* Wi-ilHill, lin , ISS7, 20 , i:j')t 

" \'c[hd)l»' and |{ask'’iMll<’, / Itnit ('firm Sor , 1.SM.S, 20. .'JJl 
' Cliaio'-ni I (’iimfif Kml , I’lIJ, 154, .SJI 
‘ 'I'luost and I l.iuiffrnill'*, ('tmi/il irml , JSTl, 73, alilj 
' Kiuli Miann .f jiKill ('fum Is?,"), [nj, ii, 2It) 

" CliauveiK I. ('iinifif H ml , I'llJ I54i 
’ Molliss, Ihill So, (him , ISTII. 14, Jot 
■ ^ Sl.ililci and llddv, fUr , I '•0.1, 38, .SI2 

" Matllicws. ./ Ano! ('hon^ So( , iS'lS 20, SI.>, Sfl'J, Mt.'l 
Jto*i»'nlKMin and Kiank, Ihr, I00“», 38, Sl2 
“ Mcliiss, Jiiill So, rhim , lS70, 14, JOI . Wdhiill, flu , 1SS7, 20, 1394 
*- Itoscnhcim and Fiank. lid , 1907, 40, S03 

Dennis and Spencer, J. Amrr C/mm Sor , 1890, 18, .073 
Stabler and Donk, Ilu , 1904, 37, 1137; 190.1, 38, 2011. 

** Vonablo and Boakeivillc, J. *4wcr. Chciu Soc., 189.8, 20 , 321 
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and by Stabh r and Dcnk ^ !)y evaporating a solution of zirconium tetra- 

iodide in ^\att^. It fnims eolnnrless crystals. 


ZIlUOXn’M AND THE OXVCiF.X CROLP 

Oxides of Zirconium. H lias already been s< en thal zireoimim is 
nsuallv (piadrivah nl. Nt \ ( rllu less tin* ses(|m()Mdc Ya'S). (‘\isIs, 
tliongh ])i'()l)al)lv not (lu* monoxide /rO. ^\mkl{r“ beli(\(d llial IIk* 
monoxule /rO is formed wluii zireoma is lieatid mai,miMiim m a 
ciirnnt of Indrogdi, and tins opinion was supported by the work of 
Dennis and SptiHer**; WuhkindA howe\er, failed to ohtain a Io\.(r 
o\id(‘ bv the ndiietion of /ireonui with maKiK'smm ; the ('\is|(nc(‘ of 
Ihe monoxule must lh(iefor<* lx* eonsuh r« d doubt ful. 

Zirconium Sesquioxide, Zr/),, w'as oblaiiud b\ Weiss and Ncn- 
inann b\ llu eominislion of Ihe hydride Zrll.,. It formed a gri ( n 
])owd(r which on i«;nilion m the air passed slowly iido the dinxuk. 

Zirconium Dioxide {Ziunnid)^ It lias alr(.uly lx i n sl.iled 

ihat '/iieonia occurs m v.irions imiurals. both fr«-< and eomlinud willi 
silica and otlu r o\id(‘s. Zircon, ZiSiD,, is llu* chu f source of /iiconia 
and otlu r eoin|)oiinds of zircon in in : and m ordi r to pn |)aiv I his in nu ral 
for chemical Ircalnuiil it is lenilidand (piicklv |»hin<f(‘d into cold water; 
by this means if isKiulercd piil\ c risable. M’lu powdmd mineral nia\ 
then be trcaied m \ arums w<i\s, the chu f of which are ; 

(i) Fusion with alkali c'arhonalc or Ii\droxul<*. 

(n) Fusion with ]X)lassmni Indrogcai Ihioruk. 

(in) Fusion with ]x»lassiuni h\drog(n sulphate 
(i\) Ib duct ion with carbon in the cleciru* furnace*. 

(i) ted/’ Alhah Ciulunutit’ o) ////d/o.rn/c --Wlu’ii powdc'nd 

zircon IS fused with alkali carbonalL or Indroxuh* and llu melt is 
treated with water, alkali zirconale remains as .1 crNstalhne* powder, 
Afie r washing, this jxiwde r is dissoh ed m dilute* h\ die x hlorie* or suljihuru* 
acid, and from llu* solution thus obtained luelraled zirconia is jirecipi- 
tateel by aninumia 

(11) Fusiun 'iKilh Pofdssium IlifdKfficn Flmnule. The powdered 
zircon ismimialeh nuxe d w it h abend four lmu*s its we'ighl of [X)lassiuni 
h\drog«n thioiide*.^’ and genlK Handed 111 a i)latmimi crucible till d is 
freeel from water. The* plalmuiu iTueMble* is then jilacal inside* a e’e)\(*reei 
Hessian e*riicible* and the wheilc is Iiealed in a wiiid-fiirnace* for twe) 
hours. 'J'he* nie*li, after cexdiiig, is lx>iled with dilute hydreillueiric acid, 
and the* silicon is thus eliminate el as almeisl insoiuble* ])e)tnssmm silici- 
fluoride, winch is tillered off. Fremi the tillrale* jiotassium zircoiu- 
fluonde crystallises on cexding ; tliis salt is re ciyslallise'd and llu'ii 
dcconiiiose'd with strong sulphuric aciel. From a solutiem of the zire-ei- 
nium sulphate thus Ibrmeel, hyelrale*el zircemia is ])recipdated by 
ammonia.’ 

i Sl.ihlci fiiul l>iiiK, li(t , 37^ II.'IT, 38, Jid I 

- \\iiiUleT, lift , ISiM). 23, 2 e>i)l 

® J)<niiis fuxl S|MHi*t*i, ./ Aunt ffnw Sar , IStHJ, 18, liT'J 

* W(*«li*knxl, 7jiit\c1i nnoyq ('hnn , llin.l, 45 , .'JS.”) 

Wenss Hiid Nruninnn, Zaheh amnq Vhem , 11)0!), 65 , 2JS 

• MaiiL'iiae, Ann Cinm rfn/t , 1W)0, fiii], 60, 2~>1 
’ nond)e*rg(*r, Annalen, 1870 , 181, 282 
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(iii) Fusion icith Potassium llifdioumi Sulphate. — ^Vlu‘n ziivon is 
fused ^\lth polassiiiiu hydros n sulpluile and llie mass is laaled with 
^\aUr eoiitauim^ sulj)liurie aeid a ri adia* of basif /iri'oimim sul- 
ph.ite, l-ZvO^j.^SO.,.! I II ^0, is nblaiiud* 'I'liis is liiui (h eoin|)(»si'd by 
fusion willi eaustic* sinla. so Dial alltr wa'^liiiii' wilh \\a(ir a n siduc 
of zireoma mams, wiiieh is piinlad l»\ bi dissolxid in hot 
foneenlraU'd siil[)limie aeid and n [iii i ipilab d, albr diliilion, by 
ammonia. 

{\\) Ixfduvtion 7idli Caihnn in the hirtin Funiare. 'rioost'** 
endv.iNOured to elimmale silica from /irenii b- miMiiir llie I.illiv wiMi 
carbon, comiircssmif llie im\lnr(‘ mlo a e\lmd' r and lu alini: il ni the 
electric arc surrounded with an almospln re nl e irbon <lio\ide Mlliouf^h 
inosl of the silica was n duet d and \ a|>(»i is( d, abniit 1 |)( r n nl . n maincd 
in liu' residin'. Moissan and la m/b Id Maabd a mixinn of /iieoi' and 
.sn«^^ai'-ebarco<d in the deelrie furnace , lln' silieein was \e)lalilis(d and 
tile zirconium formed .» e.irbide eonlamniLr a \er\ small amoiinl of 
silicon, 'fills e.irbieh' was de compos* dal a dull od Inal b\ (‘hlorinc 
and the resnllin^ ehloinh s were* beiiled with eemee nl i.de d h\ dreiehleiric 
acid, wJience ziieoninm ehle»rieli‘ se parallel alme»sl jinie*. d’his was 
llien decomposed in solution l)\ ammonia, and piiii hsdraled /ireonia 
olilamed, free frean non and siheeai 

A inodillealion of this preiei ss eonsisis m the aeiililion of lime,* 
wliere by caleium earbiele is leirmid and becemies lie* rediicini^ a^ent 
accordiii^f to the* uaelion : 

ZrSiO, -l-‘JCa(\ ZrC j ‘iC.iO i •->(’() . Si('. 

Accordm^j lei Weelekmd ^ il is lie si to ell e>l\e I h< /iieeaiinm earl)id(' in 
aijiia reiiia aiiel lhe*n aeid larlane aeiel .nid li\elro'^n pereixiele*, winch 
pieeipilalis the pereixide. 

/areonia may be* o])laine*d in a pure slab b\ llie ninilieni e)l h\drale'd 
zireonia, or of llie nilrale. sniphale , eu* e>\alab eil llie me lal. PreKlin'cd 
Ihns if IS a fine* w lide powde r e»f ele nsil \ 't l.sn'’e»r “» I.S21 ’ \\ he n /ire'onia 

is fused wilh boiax anel III* be>rax is exliaebel wilh suljiliniie aeid the 
zireeinia is eiblame el in le tiMi^emal pii^ms, nf eje nsily 7 1 anel iso- 
mor])hons with riilile anel cassile rile . lad iml wilh Ihoiia. ( ryslallised 
zireoma is also proehu'e el win n I he peiwele re el e»\iele is li' ale-d w'll h li\ elivi^n'ii 
chleiride* ^as nneler pressure'.'' /ire*e)m.i Iums m llie* eleclrie* liirnae'c* ; 
its density at 15’ (’ afhr fusieai is .'iT.'i (lahmaim). The e*oellieie‘nt 
of linear cApansion e)f zireeMiia is 0 OOUOOUS I. I hat eil ejiiailz Ix'ing 
0 ()()()0()()7. The* temperalnie* lei wliie*li it has be en Inaleel has much 
inllncnce on the* solubihly eif zirceana in ae lels, her, like* alumina and 
some othe*!’ eixieh'S, it unehr^^eies j)e»l\ me ri^al leai on ii'iiitle)!!. Ihlis 
after slight iLjiiilion zirceana is (*asil\ seiinble* m niiner.d a(*ids, but. after 
strong iL,mitie)n il dissolve’s only in ceaict nli.de d snljihurie and liydro- 
Ihioric acids. 

^ Trim/, Bcr, IHIO, 3, M 
“ 'PreeeHt, Coinpt tt mi , iSO.'t. Il6, 1 12*^ 

• ® jMejtssaii anel Ij{*nufe‘lel, < V< »///•/ n ii'l , I?2, (*)l 

* Jtenaux, ('mlulniti'ni d I'lludf th\Ui Zorouf, 1 lu*'«', l*aiis-\ incciinc*s, 1900 
WeeJokinei; Zf ibe/i nvofif /// , 33 , s| 

® Vcnablo anel IMelexi, J Amer. < lum Stu , Isjis. 20 , 2 /.I 

’ Lohmann, L'nlctfuithungen iilxr ZiTloivnyd mid i’f’inc I tru'tndung, Muncheni 

1908. 

“ Nordonskiolfl, J\/gg Anfuilp/?, 1S(>1, 114 , (>I2 
® HauU’fcuillo anel iV‘m*y, Comid. rend, 1890, no, IO.JS. 
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It was observed by Berzelius, as early as 1825, that zireonia, when 
strondv heated, ciiiils a bright light ; and this (.xidc*, when iiiade into 
rods or plates, has been (anployed as a substitute for lime in llie 
Drimmiond light. It was also used by Aiur \on Wilsbaeli as a 
eonstitnent of llie earlur mantles for ineandeseeiiL gas light, and by 
Nernst m the jircparation of the rods for his cleetrie glow-lamp. .Its 
power of withstanding high temptratim' and ehenneal reagiails and 
Its very low eodlicKnl of expansion make zireonia a smtabJe material 
from whieh to mannfaelure eriieibUs. In a eriieible inadi' oi zir- 
eonia mixed with 10 per cent, of magnesia, ])latimim and (piarlz can 


be melted. , , , . 

Zirconium Hydroxide, Zirconic Acid.-UydiiiUd zirconni, pr.cfi)!- 
tntcil I'roin an ac-id sdliilion by uninuiiiia or caustic alkali, cniilaiiis an 
indclinitc anionnl ol' nalcr; it slifllitiv soluble in a.iter. and appears 
to be fieblv alkaline. since it colours yellow liirni< rie jiapi r brown 11s 
soliibililv in aeids dei>ends on the coiidilions of lls jin eipilalion. Wluii 
precipilated cold it is easilv soluble in dilute aiids ; when pveeipi- 
taled hoi. or w.islad ^Mlh hot waler, it can be dissoKed oiilv in eoneen- 
trated acid. In llitse properlies liydraleil yireonia resenibUs hvdr.iled 
aliiniina. WIv n preeipilaled /irconia is healed to 100’ (’ il allains 
to the eoinpoMlion ZrO-^.II^O. This priKliicl is eall.d /nvoine aeid. 
A less Indraled fonn of zireonia, known as mctazirconie acid, is olil. lined 
bv hodiii}; zireonnini oxychloride with wabr as lon» as chloride is 
abstractid and drMiiK tlw product al 100' : il has llu- coniposilion 

.3ZrO„ ‘'IKO. Ml la/.irconic and zircoiiic acids are supposed lo he 
relateil to' one anollur as stannic and nielaslaunic acids are lylaled. 
Accordiii!;to\an l!eiuimlen,-howe\er. zireonia lornis no Iriie hvdroMde. 
these prodiicls benio the colloidal oxide, contaiiun}! aeeidenlal .inioiiiils 


of W'JltiT. „ . . 1 1 , 

Zirconates.- Zirconium hydroxide, if such a eonipoiiiid yin u 
said lo exisl. is an ainpholeric hydroxide loriniiiu ydls bolh willi 
stronj; acids and strong bases. Zireoiiales of the alkah and oilier 
metals ari' known, but they are prmhieed b\ fusion ralher onn in 
solution; jmeipitalcd zireonia adsorlis a eirlam amount ot alkah 
added m excess, but, does not definitely eonibiiu' wilh it. 

Sodium Mc tazirconate, NaoZrO;,, is formed wdieii zireonia and sodium 
carbonate are fused together* in ecpiivalent proporlions. 1. is a 
crystalline mass which is deeoiniiosed by watiT. By using excess ot 
sodium carbonate and heating the mixture to whiteness the or ho- 
zirconate NuiZrO, is produced, lathium lorins the zireonales , 

and LiaZr^Or,, and calcium, strontium, barium, and magnesium the 
metazireonalis M"Zr() 3 . « i . 

Zirconium Peroxide and the Perzirconate».-~(.leye prep.ired n 
hydmted zirconium jiiroxidc, snpiioscd to be ZiOj.jiIlsO, by piecipi- 
tatinc with aranionia a mixture of zirconium Mil])liato solution and 
hydrocen peroxide ; and Bailey * obtained a gelatmoiis prccijut.-iti- which 
he bclicycd to be hydrated Zr^O,, by adding hydrogen peroxiilo to a 
neutral solution of zirconium sulphate. 
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Zr(OII,,-| 11(0.11, 
^■'■(<>11), I N.iO() 


ZnO.lIjiOII). , 11,0 
/nO.lhiOII),' i 

|^Ml!lllv*<hl(?r •|••'l ''MlMllrl lnp.H liI,.ril,', «|,icli 

because Ilie -ill .li , . • '^"<liiim m jinl.issiiiiii li\ (Irdsidc, 

and j,vccM|HlMl„,n u.ll, 'd,.„|,„|. d. u,. „ r.A.d, sol„l,„„ 

■iii(MNv7!dM I IlM- |„ M, ,v, ||,is2 

«ni(i ia\kull,’‘ /iieoiiiimi < imi d iid. Vr< . i i ''‘n'ls 

UUl. lll. ll,|,l\ lll:id< .■111 IIMMICftsvIllI .dl.MI|,l I, , 1 , 1 , 1 ,, IK I Sl||l,llld,‘ 
n l.<.d,nir/,r<.o,,,,,,,,,,,,i, 1,1, .,,..,1^^ ll .„||,I m,|,.': I.,,i n!l,!,n 

, (lillMllllir I,, I, II, ,1 I I 

ublauud ziieoiiiiim o\\ Milnlndi /lOs ,s i hiiol.i ^ ii ' ' i 
nluch.ii.dvMk.sl,.-, 

“l«l.;>nixl l.v dissKlMii,, 111, |,„|,,,K,| ..I'liii.ii’i^l^i i’i^' ; 

•Hid. I Mipdridiii:;, mid <•,11, liilK i.niilin.r (l,,. i,.,|,||„ , 'j'„„ , 

igiii 1011 dicKiiip.is,’, 111 , s,||( mid coin.iK ll i„|,, „M,|,..i, Thi' miliv” 
driiiis Milph.dc dissiiUis m mu, .I, h,,|, ,• „,||| j,,, ,| , ,,,|i|||,,|| , , 1 .■ 7 

owiniT h) Uie lonn.dKMi of (Ik Ji\di.d<‘ Zr(S(),)* III ,(), \\|ii(.|, si'iPirdes 
in rlioinbio ('nsl.ils lr,.ii, s„|„|i„„ ,.„„|,ii„„|,^, ■plplmn,. ,„.|,|. 
diliit,. s„l„|„,„ !„■ has,,. s.dl IZrO.liM), I'.l I .O |„,,|lv s,|,ar.i , s^ 

and IS siilli,.,, nllv ,|, |,,r .ii„iiii,. |.,|,| ,|, |, 

sT.i'/n" " """■'"''■''"I s.,l„|„,i, i„,,|. III,. |,,,diii„-,„,„|| (|„, 
c iiol to /iH oumin sulpliali soluhoi, ui||, h juix i\d ure and 

/i(SO,) II,S(),;j|I,() s(j,.,rahs'» iM piiMMs uliicli diliijiu.ee m jur 
knonn" ii„.i,„ln,l,-.il,. Zr(.SO|,. Hj.SO,.n/) is ,dso 

JIiuTi* has ohs. i\<,i Ihai .1 s.,liiti„ii „f ii„rmal /.irc,)i,iiii,i .siilplialc 

docbiiot friv,-1|i,.,smM, i-,acli„„s«ill,(,\.,li<-acidmidaiiim„im,m oxalate 

' I’ls-.UJi'W ski, (/uni, 31^ .j.VJ. 

Dci/rlms, /'0/7 IsJt. 4, 1 17 

r.i\kull, /lull ,s„t ,!,i,n , IS 7 :k (’ll), J(i 
* IliiUhci Z.i/'.'l, tinnrif C/ii m , 1 ^ 07 , «;3, 74. 

\Hi‘i/cliiis, Innultii, |S 2 I 4, II7’ 

" Hiiilcv, /‘ini Rolf* Si H , iSNO, 46, 7t 
’ Jl.msi'i, Ziihc/i anon/, (’/uni , jyOo 45^ l,s;>. 

■’ ||juis(T, ibid , st*c also ll.uiscranii IIiT/fol.l, ihid , 1010 'liiQ 
Kauscr, !6 i^Z , 101)7,^4, !!>•>• ’ /»«>'>» 

H.iuscr, J. /indt Chm , 1007 , In], 76, ;{0;j 
" JlutT, ZiiUuh anorg C/tein 1904 , 42, S 7 . 
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that a solution of llir chloride "ives. lie tlicT(‘forc assumes that this 
solulion eoutains zireonium in a eoiu))l(‘\ anion, tliiis lI^(/rOS()i SO^), 
to ^\lliell eomplev sodium and aminomuiu sails M\{/ir()S()| SO j) 
eorn spond. 'I'lic eonsliluliou of hulraUd er\ slallisrd '/ireomum 
sulpliale IS aeeoidiiiirl\ ripn staled Ihiis ; ZrOSO, ll^SO j.;»ll .,() Tins 
MCW is nol aee(‘[)leil )»\ llaustr^: hul Hosenli* im and Kraiik - wrile 
the Jormiila in (jueslion /r()(S() jll), .‘illoO. lhu» repn s(‘nlm«^ il as 
zircons Isulplmrie aeul; and, luorcostT, have obtainetl the Ibllowintr 
compitx sulphales: 

/r.,()..(S(),K),.Sll,(), /r>(),(S(),Ul>).,.1.5Iip, /r,() .(SO^Cs) , 1 ll^O, 
as svdl as /r(S(),K),.:}Il.>() anti Zi(S()jNa) 1 II ,0. 

Zirconium Sulphite, /r{S(), 5 )^ Til/), is ohlained in crystals when 
sulpliur dio\id< is passt d into a /neouumi sail solulion, and the rt siiltini^ 
j)reei])ilal(‘ is dissoKtd in sulphmous .leid .iiid Hit' solulion e\aporaled 
()\ir sulpluirie aeid ‘ A basic I hitjsulpliale also apjiears lo exist. 

Zirconium Selenate, Zr(Si (),)^. Ml/), ftUMus he\ai,a)Mal ei\slals, 
soluble in ^\al<r, uhicb hist .‘MIA) al 100 (‘.and beetiine anhjdrous 
at 1‘20 

Zirconium Selenite, Zi(S< () ,)^.ll ,(), exists in niicroseopie crystals, 
insoluble in water An ainorjilious basic s<l(nil<. ZrOSt (). ‘JIl^O, is 
also known.’’ 

ziiu'oxirM AM) THE NiTiu)(iE\ (juorr 

Zirconium Nitrides.- Zirconium does nol combine with mlro^asi 
so readih as liliinmni. 'I'lins nilrides, how< \ < r, ha\ i be( n d< sci ibul : 
Zi’ jN,, Zr^Nj, and Zr , bnl \\ ( di kind ‘^ippi ars ri ciMil Iv (‘oi^uiise 
the cxisliiice (j| oiiK one nilridc, \iz Zr,No 

7 a ) ,,V 2 iornud as a isd-brass ci\st,dlinc powder, ol’dtsisily 0 7.), 
wIkii lli(‘ UK lal IS lieal< d lo lO.TO' (‘.in a einn nl of miroijen nr 
to 1000’ (‘. in ammonia <(as ; it is y<‘rv slabh^ Inwards oxyjrcn and 
chlorine, bul e\ol\(s ammonia wlan fused with pnl.ish ’ 

//.^A j and Z? healing a mixlurc of amorphous zirconium 

with ahinuiiium to a whitr* heat m th(‘ air Mall< I ^ oblaiiud a product 
which c\ol\(d ammonia when fused with potash : and similar produels 
ware oblained by healini^ tin- metal or its chloride in ainmoma. More 
delinile knowledge w.is f(aimd later by Mallluws,'* wlio oblained 
Zi'jNj, as a j^rey product l)V h(alm<f Zr(‘l^..sXII . m a current of nilroiren ; 
and ZrA,, which was similar m aj)p(‘arance, by healinur the b*lra- 
chloride in a slrramof ammonia. Wtdckind also obtained Zr^N,, 
ill bronze-coloured microscopic cryslaK by reducin;^ zirconia with 
ma^iK Slum in a loo^i I y coveret I crucible and washin;r away I he colloidal 
metal ; ih(‘ same nitride is also formed wdu n the carbulc is luxated in 
a current of nitrof^cn. Both these nitrides are soluble in hydrolluorie; 
acid. 

‘ ilaiisci, Zf //«.(/» auoKj dum , 11)07,54, l‘M» 

- lioscnhoini anrl Fiank, , 100.>, 38 , SI2, and 1007, 40 , S 0 ;{ 

^ \ I niiMo mid Jiaskc'iMlk*. ./. J///0 ('han X'or , I80r>, 17, US 
* Diltc, ('umpl jcml y 1SS7, 104 , 17J 

■ Nilsoii, OH Sdllft of SdcHiom .Ir’d (U[>sala, 1875) ' 

WVdckind, .Innolni, lOl.'t, 395 , 1-10 
' Woddund, 11 ) 12 , 395 , t?? , 101:1,395, H‘) 

“ M.dlel, Anur. Jour.'Sn , 18.50, |ii|, 28 , .‘UO 
" ./ Atm-r. CJmh. Soc , iS!)S, 20 , SI.5, STJ, S13 

Wedekind, Zeitach anorg. Chem., l‘J05, 45 , .08.5 
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Zirconium Nitrates. -TJu* s.ill /r(\(),), /ii-sl d l»v 

Paylviilld was ohl.iiia <1 1)\ hIk im .uni I i.mk - iii li\ 'fr()^(’()()l(■ |ii isni , 
})V (‘\ a jk)1mI iriif a miIik* acul Mtlahoi) <•! ^iKoiiiiini ii\(ln»\ii|i ovtr 
phospllonc ,(ll(i Sddllllii ll\drn\nl< M .--dl ‘ nl»l.il(i-d .l h.lsic 

iiilral(‘ soliihl. Ml walir, and Mull. i ‘ in ,i dnd\ <>l c.illnidjl /mc.)iiiiiiii 
li\dri)\id(, lovimd (lu oianion lli.d /inomiini niliilt and ol In r /iicn- 
iiiuiM sails arc mil i»l (‘omsI.miI coniiitisil nai, l»i (mii a solid n)n I'niilaiiiiiiLj 
ilic iiih’.ilc losi s nihic .icid on i \ .ipoial n.n, ind lln [.iM.Iin I wliicli 
dissol\cs in w.ihr, \ n Ids a sli^ildK o|ialcsc. nl ^(.inlion conl.iiniiiLj 
collon’al /irconia. I'lu i]insiion In ir .iii-.s uli-llni*. in analo'j\ willi 
the snlphalc. '/irconiniii niliMh , /al \( ) .1 , ■)! I .() s|n»nl«l In- unll.n 
as /,icon\ 1-niliic add. Zi ()( \() .) ,1 1 . 1 1 1 ,<). hid lln .jin lion <annol 
h(‘ (‘(riainh answd<d On (\apoidnii> a solidioii oi lln nilrah al 
7/5'^', 1 lu‘ basic ml 1 alt ZiO( \( ) ) , *Jl I ^( ) p.nal < . a a w liil.' powth r, 
iiiid on niiMMLi Mil* a!(*<*!n.lic sdliil loii of Ihissdl .>dh tllnr Ihcmorc 
l)asi(“ iiilralt Zi\() ,( \( ) k .■>! I .() i-, r.iinnd - 

Zirconium Phosphates. Zirconinni oilin>|iln> plid< is loinnd as a 
la 1 11 ions pn cipilah u In n a phosphal. oli.l nni i nld. il lo a solid nni 
of a yircoiniiin sail d'ln compomid /i0.1M)/.ii /i P ,0,. /irconiiim 
pM’ophosplial c. IS ohi.nind «i\slallini wInn ii<..'iit i-^ I’nsi d vmIIi 
lilt la|)hosp|ioiic acid arni _/.;() P ( ) '' i, Iniiii <1 in ciihn d or ticla- 
Jit (Ira I (TN si als w In n h \ tlral t <1 / ncoiiia is In al • d v d h s\ rnpN | iln.'.plioiic 
acid. \’<iiioiis don!)!, phosph.d.s o| /nci>ni.iin ami lln alk di nn lals 
lia\c In t n pi'(|)aiid l>\ Tvoosl and Oiivnid' h\ .mllimr /luoninm'* 
o\ldc. pliosph.d ( . or cliloi'idt will) an alk ill pin. plialt 

’ZIIUOMIM \M) TIIK CMIP.ON (dJOI'l* 

Zirconium Carbide, Zi(\ Ziiconinm n • nd'l. . Iilaiiniin in ils 
powt r of ctnnhiniiiL'' wdh c.nix.a d lii"h l.inp. iilni. 'I’loosl 
ohlaincd <) carhnh hi uhicli In allin.idtil lln I. innila /a( , l)\ Inalini; 
zircon w d h < ai’hoi) III I In < 1« cl nc aic in an al nio.pln i * ol t ai hon dioxidi 
Moissan and la nifh Id ’’ piodiici d at irhul' . dind.a l\ h\ Inalni'f m an 
clcclric fiiriiact a mixlni' t»l pm, /iifonn iml ii'mi cnlnm. iiiixtd 
wdh oil and mat It ml t) c\ limit i >. ^\ liit li w. i< pi n t d in a t .ii hon I iiht 
The carbide was irrt \ .nni nn I illn -l^^okIn'^ w.is \\. 11 cr\ d dli-.t tl, was 
haul cnoiiLih I o send eh ui.iss, bid nol riib\.hnl lln com|)<ialion ZrC, 
and was iiol dt ctimptist tl b\ w.ibi al 0 (' oi Inn ( In Ihis l.ilbr 
respecl d dilltrs lioin Iholinm e.nbnie, ^\hIell, hla lln ealbnii ol more 
cleclrojiosd IN e nn l.ils, is d<eom|»ostd b\ w.ibr wdh t\olnlion t)l 
In di’tic.irbons Wiiltkmd"' h.is piipir.d ihn c.nbnl' iiom n.ihiral 
zircoma ))V a simil.ir proct ss, h.is show n I h.d d is an • \i t IK id condiielor 
ol' cleclricity, and lhal il iscoinirlttl inlo lln mlridt wInn lit alt d in .i 
stream ol’ mirom n 

J d.ulaill. /;. / . Is7{ 6, I K.i 
' IJd-f nil. ini nni I’l ink /»’-/, • 

M.iinll n/n./v f //>>,/ , I'Hll r/. 

^ Miillci. /. // ' /' a/.""/ (//'»> l'»"7 ‘y2, III. 

Kimj*, l/nii'/f" Is7l,,i'57, .I'.I 
'' ll.iuii fcmll.- . 111.1 M ll■’"tl. i. f 'i//// ( ii/('/,lssii lo*. nd7 
’ 'I loo't in.l ()iivr.)iil ' n.iifif II /"I lssi», loj, I I 'J Iss,, lo'J, <1*1 
■' 'rii.nsl < mil ft nil'/ ls<)‘> no, IJJ7 
'' .MilHVifl .intl I.. Il”l' !■ I, ( ml ft II ih! Is'lll, 122, II)' 

UVtl.'kintl, Cfidii Ziif , I'M»7. 31 , ii.")» 
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Zirconium Carbonates. — TIu* exist c'lico of sc'vcral carbonates of 
zirconiiini s<t\(s to ( ni|)li.isis(‘ the clcclroposiln c cliMractc r of Ibis 
clcnu'iil. ]br/('lms' and lb rm.uin “ ol)ljuii<'(l Indralul carbonab bv 
pn cipilal ion, and Mandl ‘ pVipand a jin ci|)itali ci carlionah* bv passinj' 
i*arl)on dioxide* lliron^li a nnxlnn* of yirconnnn mlralc and ainmonnnn 
e*ai’])onal(‘ solutions. Chanxciiil ' Ji.is n in\ cst Healed the snliiccL and 
finds lliai \\li(n a /nconniin salt is pre cipil.ile d by sodnini carhonatt* of 
anv concentration llu* coinponnd Zr(’(), /r()^ Sll X) is forimd as a 
jiclatinenis, microci \ stalline* mass winch Ixcomcs ZrC'O, ZrO^ 
in an exhausted desiccator, ZrC'O, may be re^areled as an ortho- 
carbonate* eir a basic carbeeiiate* ZrO LO, When the above* salt is 
heated be vonet OO'" C. il leises carbe)n elioxidc and water. (brminLj 
2Zr('() , oZrO.j IJlIoO, which at ‘2a() (\ Me lets a preiehief of the* composi- 
tie)n ZrC'O , .‘tZiO^ ILO, anel at lOO" C. is converted into zirconmm 
die)xiele. Ne) anhvelreais carbonate* ap|)i*ars to exist, lint wh(*n the 
d(*hv elrateel basic carbonate* is e*x|)e)se d to a pressure* of .‘JO 10 atmos- 
])}ie re‘S eif c.irbon elieixieh* it is cemverteel intei the hvdr.deel orlho 
carbonate Zr( (), 211 ,0. 

Zirconium Organic Compounds. V basic foimale the* noimal anel 
liasic ace tale t he ae e ! v lace ieme P and \ .*1 lenis eix.ihde s and tail rales^ 
of '/ireonniKi have be‘e n ])ie pared, as w* 11 asceitain oi j^ramc compemnds 
of '/ncejiimm chleiiieh* '* 

Zirconium Silicide, ZrSi_,. was eiblaine el bv ^^eeleklnd’^ lev re elncinir 
7ire*eniia with e*xe'e ss eif ci v stalline* sihceni, anel bv llonn;se*hmiePM)v 
means eif the* (htlelse*hmiell reae*ti<ni. m whie*h 200 irrams of peewehred 
ahiminiiim, 250 L'rams of snlphnr. IM) ov.nns e»f line* sanel. anel 15 ^^rams 
of '/ire'onnim or 10 irrams of peitassinm /ne*e>ni(hie)riele*, K y.rKp,. were* 
inixe'el tei^altur in ,i Hessian (*riie*it)le . cove re el willi a lav e r of jieiwele re'el 
maynesinin. anel lifiiiteel. The jeiirilieel pre>ehie*l Ibrins small sle‘el-irre*y 
crystals eif the* harehie'ss e»f le Ispar and of ehnsily I SS : the* peiwdereel 
substance* burns when heated m the* air anel ehsseilves m hv elreillnen ic 
aciel with e*ve)hitie)n eif livelreiaen. (’eillemlal '/ire'einmm sihcieh* has alse) 
been oblaine*d In We*ele kineP*^ 

Zirconium Silicate, ZrSiO,, occurs nalurallv as the* mineral zircon 
which has alreaelv be*e n ele scribe el ; anel it has be*e n prexluceel svntheti- 
calK 111 varieais wavs, c 2 bv he atini^ zircemia 'Pn* a mixture* eef ’/iie'eenia 
nnel epiartz^^ m a e’urre*nl eif silicem te*lralhioriele*. bv' he'atin;^ a mixture 
of zire'einia anel silica with lithium medvbdatc to SOO ’ ea* a mixture' 

' lit t/(*liii'^, .ho/ ('hurl I’hih IsJ.V. ;{:{7 
- lle-iMiaiin, *•/»/ , Issi) Sj), |M| 

® Al.lllell, Zdlsili ttiiniif ('hr m , I'KlM. 3*7, L’-Vi? 

* f'li.'iii\fne t. Hull Sill rhnii , |i\ |, 13, ^int 

HaltCM, Mannish ls‘is. 18, e-s7 

'■ Ilal)(*[, /of III, M.ih'II, annul ('in in , OMKJ, 37, ‘i.VJ, Ito e’iilie‘'m iind 

Jlpri/rnnnn, Ih r , I'iciT, sin 

’ Oilt/ anel Clincli, ZiiImIi annul ('In m , innl, /|e), 12ls 

" l’a\lviill. Ho , I'*'?’), 12, 1710, ^lanell 'n > if , l!n-ciil'e‘im .iml I laiiK, lln , l'in7, 
40, soil , Vcnatile’ antt Oeiske'u illc, ./ A inn ('hnn *W , IsTt, 19, 12 
*' Iie)'-e*nlu*im amt I I(*i1/mann, /ot nt 
If We’elckinel, lin , l<>n2. 3«5, 'm 2 

lli)iii'_'«i(*l)iniil, ('nwiil rniiJ , Oina, 143, 221 
•MVcdfkinel Ziilstfi ('him Iml /vo//ojf/«, l'l|ei, 7, 240 
Dt’ville* aael harem, (Jnmiil rnul , IH*78, 46, 7lh 
*'* I)e*ville*. ('nmjil rnul , ISOI, 52, 780 
“ Ilaiite’ffuille* anel Pciio}, Compl. tciui , ISSS, 107, 1000 
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of j^cImIihous y.irconiM and j^ilahnous silica nearly to redness nndir 
jiressnre • 

/IIUOMI M \\l) P.OltON 

Zirconium Boride, /i .l*,. \\ l»\ 'fneki v and M»)()d\ ■ as 

a Jiard, (n'lallnn. dillienllK liial)l< snI. laias l)\ iKaliiii,^ 

5 plains ()| /II ( otiiiiiii and I I ‘.nain ol i'nion l)s imans oi a eiiiiuil ol' 
‘200 ani|)(ns .if (>.■> \til(s Widikind ’ aUn nl»laiii,d .i horidi in lln’ 
rulnelion oi /iieoiiia l>\ iiuroii in (In (keliK* I'liiiiaiH 

ZIIUOMIM AND \\\\D 11 M. MOIA P.DfAlM, \\D 
TI \(..VnA 

'J'lie ecniplt \ sails </i('l , ///a A'O,) Zi( I , *2/i( \\0,)^ ‘JZiO^. 

and till' iimhhdah ZilMoO,). Iia\( Iikii )in |».ii d ’ 

Dl-’/l'Kt riO\ AND KSTIMM'ION Ol’ /IIU'ONIIM 

M aii\ iii\ ( d "I il lolls iia\ « Im ( II III id( ollla ae il\ I a al lx lia\ loiir of 
zireoiiinni iii oidi r lo did lll••lll h il trom liioMiiiii and liie tin lals ol lln 
rare earllis, and to s< paiah li <|ii.iiitil ili\< i\ horn non, I ilaiiiiiin, and 
otlii I iinlal'. \m 1 Ii wlneli i[ oienis nalnialK 

Detection, '‘'odiiini and |iola> nini li\ dio\idi aiiiiiioni.i. and 
aniiiioniiini snlpindi ohlllolI^ |)reeioilal‘ /iieoniniii ludio\idi , uiii' li 
is iiisoliii ill 111 < ^ ( ( ''S ol ,1 1 kail li\ droMik and i > I liiis disl mum >ln d 1 1 om 
lli(“ li\dro\id<s of aliiminmin and L^lnemnm \nimonmiii laiiioiiaU* 
soliilion produces a llocfiil* nl |i»eipilil' ol liable e iilx iialt , wliiili is 
soluble in iKcissoriln i'i.iltmiI lail is r« pi< eipilati d on boilin'4. 

'riiere are llirei H.ielions liv winch /ireoninm is <lisl mifiiisln <1 IVoiii 
ilioiiimi. 

(1 j Soliil ion of oxalic a( id or of an oxalab pi- < ipil.ib s wliib' /ireo- 
niiini oxalal ( . w liieli Is solnbk in » xei ss o| • il In 1 i<a'f>iil Inlln'casi' 
of llioriiiiii il IS llie iniiliai ox ilale alom , ind iiol also Ini ox.iln* 
a(‘id soliilioii w Inch dissoh ( s lln pn eipilab d o\ dab 

(* 2 ) llvdiolluoric aeid pi'Cipifab. Ilnaiiim bnl not /ireoniiim , lor 
zircoiiniiM (liiornk . iinlik< ll'oiiiiiii llnoink, loinis a double or compli‘'s, 
iliiornh w il h .1 Milnbk lliiornk addi d iim xei s> 

(o) rnnii a cokl solidion ol a /ireonmm sail pobi.sinin siilpli.de 
<^i\uliiall\ pn<‘ipi(al<s pobis mm /iieon\l Milpliab, bnl li'oni ;i boiliiii^^ 
soliilioii <1 b.isic /ireonmm '-nlpliab iiisoliibk in dilnb li\ droeldorie 
acid IS pneipibibd. 'riioiimn doi s not form siieli an msol.ible basic 
siilplnde. 

Ihdroueii piroxidi pneipilabs yin'oimmi ju ro\id< I'roni iieiilial 
or sli<^hllv acid soliilioiis of /neonmin sails, in jmseiiee ol allwdi (lure 
is no ])r( cipiiat Ion smci- lln* alkali pi r/irconab s are soluble m water, 
and bv tills means iron can be sijiarabd Ironi /ireoinmn 

Sodium tliiosidpliab* |)neipibd(s /iieo.inim hxdroxnh* niix'i'd with 
snlphnr. '^J'lirnn rie jMpir is colonnd nddish brown when moistiiu'd 
with a. }i\ drochloric acid ''ohilnni ol a /ireoninm salt and lln n dried. 

Zirconia is (hslmumislnd rr4)in «»llur jarlhs b\ its infiisibilil y m Ihc 
oxyhydroi^en (lame, m which it i;lows briifhllv. 

* ( 'linists<'li()ll Jithih Mum ls')J. n, 2 1 J 

^ 'riH-k( r aiwl U<»Mb, h'.< < h, '!> .s-« I'MIl, 17, J2J) 

= Wclplainl. lUi , I'HIJ JS. ’ 

< Tnn.-it.u ami Kunu'.la. ./ /V/y, ('hm .SV , llMl'), 41, Ml 3 
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Estimation.— /irconnini is iiivanably cslinialcil bv boinij converted 
inlo (lie dioxide /rO^. wlncli is i^niile<l and \\eiL,di(d as siieli C’oin- 
|i(tniids oi non aiai titainnin, IiowcMr. ir<(|iun(K oeeiir Ioi^iIIki' with 
/n eoiiinni. .md \ arions me (bods 1m\< Iu i n d< \ ist d to sepjiiMle tli(‘ 
lalUr nil t<d irom IIk luo IctniKV nul.ds. 

Scjunalmn of Znconnnn tind hon Since /ireoinnin is not prici- 
])ilal(d \)\ snc’nnn li\dro\idi in presence ol li\elroLi(n peroxide, iron 
iiiaN ])e (pianli(.ili\ c I\ separabd as |{ni(“ liMlroside by addniLl to the 
mixed solution sodiiini peroxide* elissohed in ie*e-\\alir; tlie /ireoninin 
can then he- eslniMleel m the* liltr.ile* ' 

On the ollur hanel, cone*e nlr.deel Inelreieen peroMite* pre eMj)il;ile s 
yire-oniiim peioxieh- (“roni ae*iel solution, anel ae’e-ordinif to R.iilex “ this 
rene-lion sullies s lei separate '/ire‘oninm lioni ire)n and til.niniin. 

lion e ,ni also be* ejiiaiililatn e K se p.n.de d I’rom /ireoninm and ol lie r 
me lals b\ the use eil mtleesei- [^-n.iplll he>l ‘ Ae'e*e)l e|in<^^ lei Hl\e)l ^ irem 
nia\ be* e st nn.d« el wlie n eiblame ei as fe ri le* eixieh* nnxt d with mire ehie-ible* 
eixidesliN de le iimninuj the* leiss eif we iLfhl whie*h is e*. nisi d Iin reeliieliein 
III ludieiLiin, .met (hilbieranel llnller*ha\e applied Ihis meliiexl tei 
I he* ( s| nnatiein eil ireui anel /ne'emmin Ve*e*e>relinir lei Danu 1 .nid Li lx rle 
he»Wi\er, Ihe nielheiel o|\ e*s \ ariable* Te suits ae*e*e»rehni,Me) llie piopollleni 
eif ilem pie'se*nl, anel lli« epiesliem h.l I)ee*li the* snt\|(e‘l eil e'eiiisiele r.lhle* 
eemhox e i 

'rilammn and /ire*einmni e*an be separahel tVean irem hv passing 
]i\ elreiiTe n sulplnde ilireniLfli a seilnl lein eif I lie* mi\( el snlpliales lei n eliiee* 
the* ireiii, elisplaem'4 hNelieiueii snljihule* b\ sniphni eliosieh* to prevent 
oxielaliein, and aeleliiiLj sexlinm ae e (al< , animeinmm snlph.de*. snlphnnuis 
ae*'el eii sodimn I hieisnlphale*, all eil whu*h pre e’lpil.de* lilaiiiiim anel 
zircoimim, leavinix nem in seilnliein.” 

S(iuu(iintn of ZiH'onifnii and Tifanunn The l'eillei\\m<i nielhexl eif 
cslnn.ilmu '/iie*einnmi anel lilamnm. when Ihev eie*e*in leieeelher as, 
feir example, m ieie*ks is le e*einmie nele*el b\ l)illne*h anel I’ohl 'Phe* 
pre e*ipilale el eixieles ale Tiiseel with peilassinm hvelioiren snlphale, .‘inel 
the seihllion eil sulphates llms eiblaineel is reelnceel wilh li\ elreii;e*n 
snlphiele . ^r.iil.nie* ae*iel is then aeleleel, iolleiweel l)\ aminoma anel 
annneimnm sniphiele ; thus the irem .deme is pre e ipilated d'he tail. me* 
ae*iel IS reineiveel Iremi the* lillrale*. anel the* lilamnm anel /ire*einmm are* 
the*n ]ire e’lpilate el anel weiidml louelher. The mixture* is •'iihse epie nl ly 
elisseilveel in peilassmni jie rsiilphale* seilnl lein, snlplmi le* jieiel .met hvelieiire-n 
])e*re)Xiele* are* .leleh el, anel the litainnm is the n e slimaleel e*eileirime liie*allv. 

An allernalix e* nie*the)el ten* se*par.ilini( Ulannini anel ■/ire'ennmn 
ceinsists in aelelmjr a seihiliein e’einlannnif the ir mtr.de s. n« iili.dise el with 
seiehinn carbonate*, iei a lieiihiij' ceincenlrale el seilnliem eiT .nmneiimim 
salie*\ Kite*. 'I'he zirceinmm is pre e*i[)ilale el. anel all Ihe lilamnm is in Ihe* 
lilli.de* 

' (Jessow ,niil lleiikhe'ime I, Zi ihf h (tnntii IMIlJ, 32, 

- Haile \ I i>ni'> eJn HI Sm I SSI », 49 , I I'l, isl 
' Kne>ire Zt'hih aiiifiir ('h'ni , I'leil, 17, l»M, luU 
’ l!i\n| i'hnu IS", n, lull 30 , Iss 

'* ( Inline I .iliel ||llli«l,/ia ill iiiinHl ('Iniii^ l‘M»J } 2 , 'l2 
® li.uiiel.mel Le-I»e lie*, Zf f// nn nq ('In m I '•(<{, 34 , .'{’1*1 

' llaiiie*!, I.e-lx'tle*, dill liie*!, aiiel 'I’le nKne'i,/e iiiinh/Clnin, I'lO,}, 36, IKl'J , M.aiicl, 

tbiil , t 7 "», (liilIi'eM, ilml . I'MM, 39, J 57 

" J)il 1 neli Jitiel |•'ll miel, Zuhth iniimf (7nin , 1*K17, 'tit" 

“ Dlltllill .lliel l*n||l, Ziilsih (IHOK/ f'linii, IMll."), 43, 

DiIIikIi iiiiel KiViinel, Znluh anottj ('hon, IJMI 7 , 56, 



niAITKl{ VI 

THORIUM AND ITS COMPOUNDS 


Tliomi M 

'I'll. WUL'Ill. I H») 

Occurrence.-- TIi<*i‘hmii w.is lirsl Jiscoxind in imiikimIs oociirriM!,^ in 
SciiikIiiimv M 'i lu‘ <‘ln< r of lli«si ;iit .iiui ils ifuii-v .iru I \' 

an* siIumUs nl \m\ <*niii|>lt \ < nmiH)-,il mn. 'I'lioiilc 
(“oiitaiii^ iicarK (JO pii’ (*«iil. ‘>1 llinii.i. alrniil |m i unl. ol' silica, 
iiud sMi.illd’ <niaiililns (»r iiraii'c, h nic, iiiaii'^Miiic, r, Jiiaif|i< siimi, 

])o(assiiiMi, siMliiiin. had, liii, .iiid aliiniiiiiiiin (>\idi s. ^caiidiiias lan 
niiiKials coni. linin'; siii.ilhr «|iiinlilns of (limi.i .in : niontijlc (plios- 
jihalc). iiadohmlr (silic, dc), unrnilr (colnmbo-lanlal.ih ), s<nn<ii \Lilc 
(coliinilio-lanl.dah ), and iiniiK roiis ollnr iiiiik laK in wliicli lli< lir- 
\jdcnL ran* i.iilli (hnunls oicni in coiiadiiahh <|nanlilics A 
iniiKral riclur in llmnnin (li.in an\ ol I lie pi- c( <lin',^ is Hidinunlr,^ 
winch coni. nils .ihonl M) pi i ciiil. ol lliori.i assnciilid willi Ihc 
oxides ol nrannnn <ind lln lirx.ihni r.in i.iilli (l(ni<nls 'I'his 
nniK'i’al was (h.sco\<rid in l’i\lon ahoni I’M) I, hnl nnloi I nn.ili K is 
nitlnr scarce, and I Ik k foie dins no} conshlnli' an niiporlani source 
of Ihona. In llic (avlur \<.irs of llic inc.ind' scdil '4.1s in. mile, lliai 
IS ahoni IS.s.j, the woild-siipph 01 Ihon.i w.is nisiilhcKnUo inicL Ihc 
demand. 

Snhseipienl lo I<S}).), howiNcr, l.iri;e i|nanlilKs of mona/ale liave 
been disco\(ied, not in llu lonn ol lli< er\sl.dlni( iiiiiKi.d, hnl in the 
lorni of iiKiiKiiflt sttnd rin s« s.iikK h.ivt Ik i n piodneid hy the 
weath(Tin;^M»l locks whah ori'^in.ilh eonl.iinida mi\ sin. ill pi rci'iilairc 
of iiion.i/ile, and llu siih^dpnnl washniL; aw.iN ol llu lu^dih 1 m.ih n.ils 
prodneid. 'I’lii nion.i/ile in Ihe s.uids is .iss.,eiah d u il h niinuroiis 
olhi r niiiu r.ds, liom which, how<\<r, il Mia\ Ik sip.ir.ihd i\ilhoiil 
iniich dillicnllx. JMona/il«‘ is ('.sinli.ilK .111 <ii I ln»pliosph<i’ c ol Ihc 
cennin {^roiiji of i.irc t ailh < hnunls, hnl il .dinosl in\.iii.ihi\ eonlains 
some Ihoriiim, piohahiv as phtisphaif - Di p(»sils ol inon.i/ilc sand 
oci'iir in \arions jiarls of llu cIoIk . nol.dilv in Him/iI anil in llu native 
Stale of Tra\ancoic, Indi.i. Thesi s.nids eoiidilulc alniosl llu only 
source of I lie I liornnn list d in Ihe ^Ms-nianl Ic nuhisl i'\ . Ihe coniposilion 
of Jlrazihan sand, as concenliMh d lor rxjiorl.d ion \aiirs helwnai the 
follow'inc hniils *: 

nifi /'n-. /.'-»/ N-/- , I'"*'*. A, 7&. -*.•). I in .ukI 15 M .Jones, 

ibid , I'.iati, A, 77, • 

- Ki.s^ .mil I, / tun/ ell'll' >■■■ , jr, ulii 

•* Tins .mil olliii mfooiMhon in lln- -mIi.ih o .■'< iiimI Im.iii .1 ImIiij,- on llioiiiini 
and its Compounds,” deioeii'd Is foe ll -* In-liiuln nl (ll'^l-ll^ )»\ I'.dmniid \\ liih*, 
1912 Heo also .JoJmslom-, '/’//. A'a/- ImiI/i h.dudni (( i.-.ov J.(.LkMood .iiid Son, 
Jitd., 1915), lAi\y, Till liiiH lunth^ 
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TliOg 5-7 pcT cent. La.,0, 

B.Os 25-;J() „ PrJ)', 

Cc.O., 25-85 „ N(IX) 


VoOg 1-5 ])( r cent. 
20 80 per SiO, 1 I 
eeiil. M.O,. I’< .(); M-.O, 

t'aO, M -(). 1M)(), 
Sn()„ li’aeis. 


t\)ne(‘nlnit(‘(l Travaneore sand is eonsider.iblv rieher in liuHMimi 
than I he al)()\(“. Tlu* Norlli Aiiuriean (Novlh and Soiilli Cavnlma, 
Idaho) deposits of nion.izile sand are now ot lillh or no eoiimureial 
\ aliK'.' 

'J’honiiin IS found in niinule (pianlities in various i^aa ous and 
sediinenlary roeks.*-^ 

History. - In 1817 Berzelius^ (‘xainined the Swidish mini r.il now 
known i\^ andoliHitr, and isolated troin it wlial tie hitieviit to lie a niw 
larlli, tin oxiiti of a nnlat wtneli tie nainut Itioriiini, alter ihi Si indi- 
navian <^od 'rtior. Siilisi (pii ntty, liowivir, Bi r/i tins ^ eoneindi d that 
Ins earlli was a Iiasie pliospliali* of vltrinm, a nnlat wliieli h.id Inen 
diseoviTid l)V (iadolin m 170 1-. In 1828/’ liowivir. In pvi par< d lioin 
a mini rat now known us fltonfc. from tin* island of I.oson. mar !*ll\lL^ 
111 Norwav, a in w' lartli, ralln r n si nil)linL; tin roinni prodiiil, whieli 
h(‘ nannd llioria. lie llnii sliowid lliat Hie in w iliiinnl iisimlitid 
zireonniin in propiilns. In 1851 I>i riremann .ninoiinei d I tie diseo\ i r\ 
of a new nnlat, wliieli In* ealli d donariiini, in tin ininnal onDiiidr, tail 
Damoni,'^ Bi rlm,^ Delafonlaiin and I»i riji mann Inmsi 11 siilisi ipn nllv 
stiowi d donariiiin to In idenlieat willi lliormm. In 1802 Bahr'* llioii^lil 
In* liad diseoMrid, in a mini rat Irom lionsliolm. a in w nn tal wlni'Ii in* 
ealted wasinm, lint two \ears lalir he stiowed Itial w.ismm v\as 
identu’al witli lliotinm. 

Metallie llioriiim was lirst obiaimd bv Bi r/eliiis in 1828, also by 
Cludi'iinis in 1801, and in a piinr stale l)\ Nilson in 1882. t'loni 
expi rimi ids on tin* fiaelional distillation of tin eliloi ide Baski i \ itli m 
1001, eoneliidid lli<d lliormm eonl.nns two ollnr i linn ids wlneh li(‘ 
nannd bir/iliiim and earolimiim. Tins opinion, liowevir, has not 
been eonlirnn'd.^’ 

Extraction of Thorium Compounds from Monazite Sand and other 
Minerals. — 'I'ln* leonomic value of mona/ile sand di pi nils on Hie |)ir- 

' A fiilli 1 iKi'ouiit ot inon,i/itr sand .aid a Mkilmn o[ an,il\‘'is ot inoii,i/ili' wll lx* 
found III \ii1 i\ . oil i|» \ 

^ Mj.in.' Alh J! \,nnl. Linui, lOa'l \\ |, i 8 , i, 2H, JsM , J„l\, /’A-/ Mno I"("l [i\ |, 
17, 71)0 , I'MO, |\i|, 20, I J.l 

IJii/i*lnis Afhnmfl , Ki m tnh Min, I.SIT 5, Tn 
^ Hn/f'lius, A Sii'n'>hn \ tl - Ibid Ilantll , I, |sji, 

^ I 5 ci /(■Ini'., I\ Sn n\l,n [tl - \l,(id Ilandl , I, ISjO, 1 
*' III I LH'ni.inn, /’071/ ,!/)//)/// /i, IS.") I, 82, ."i.SJ 
’ lAuinmr, Ctnnjl n'rrl , is.VJ, 3 ^, nSl 
® Hcilin, /’f«/f/ 1 «, 1S“)J, 85, '"s') 

'* Dcl.ilonl.inu*. \n!i .SV ' ;)'»/, l.S(»‘l, l8, 813 

Oci^cin.nin, /’077 Ininihii, IS").*, 85, r)‘)S 
O.ilir, I’oi/if Intmlrn, l.snJ, 119, HTJ 
O.dii, Annnftn, iSOt, 132, JJ7 
*’ Hi'i/clni'^, y’r/77 d //. 18 J 11 . 16, 3 ^r) ‘ 

** (’hvdi'iinis, \nniilin, ISlil, 119 , Tl 

•'' Nilson, A’e , l.sSi, 15 , Jr>:{7 

“ Baakorvillc,./. Annr (%in Sut , IDOl 23 , 71)1 , IJIOl, 26 , !)JJ , Ht 1 , 1005, 38 , 1114; 
also llrauniT, V’/or Chon Sor , JOOl, ij, 61 

” Moyor und CuinpLaz, Bo , 11H)5, 38 , 17 , Kbfduud, thni , H 8 I) 
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centner of tliona it contains ; if lliis f.iils lx low .j per ceiil. llie \{iliie rif 
the sjiiid IS ixdiKs'd, il In low I per Cl 111 il l)(‘('(iin(s xerv' sm.iM. Coii- 
secjiieiilly iiu .ms .in l.ilo n i o n iiio\ e loi i ii;ii m.il 1 1 r oeeiii i imr w il li t lie 
sand lirsl 1)\ ni<.ms o| w.ilii. m iiml.il loii <»]' tid.il .lehoii, :md 
secoiidl} , 1 )\ I .ikiMii .id\ .im1.i”< oI lie dill ii nl ni iipn I le s'isec pi iliilil ii’s 
ol nioiia/ile .'mil il .‘issoei.ih d imie i ils 'I’lii . ei/iir • ill i.il loii of I In s.md 
is el I eel i d prior I o il s i \poi 1 .1 1 n in. .1 iid e'.i n I *1 e.irrn d mil so i lli el i\ ely 
that 11 ss ill, III .> pi r e- III III |ii.i<pi m.i|iii n m.mis m .issoei.il ion 
with the moii.i/ile. 

I'or ill eoiiiposiii'f I III s.md il h.is lniii piupn.id io mi\ il wilh 

June, eoki , and ;i III I It lliiorsp.n*. imd Io In al lln imxliiii in .m i li el rii* 
iiiriia(‘e mild phosphmiis ei .isi s lo In i\ol\<il' 'I'ln iisii.il plan, 
li()\\e\ er, IS to (il eoniposi il w il li snlphiirie .n nl Tin liisl slip, known 
as “ hreaknnr," eonsisp. m In.ile.T ih. '-.iinl lo .il>mil LMM) C. wilh 
twice its wvi'^dil ol siilphnne .n ni ol Isl iluiaK nnlil 1 he inona- 

zile IS eomplilels di emiipo .» d V Ihnk vJii'i'h p.isli is prodneed, 
winch IS irradn.ills sliind mlo w.'iii .md lln in i»lnl>li ni.dlii allowid 

to settli d’ln sohilioii I hi n lolli.ml^ iln snlph.ihs oi Ihe \.irions 

inel.ds, lorn lln r wilh lln 1 m t -.s of .iilphiine mid and Ihe phosphorie 
aeid dinxtd Irmn Ihe niona/ilt. d’o <|)aial< I hi ihoimni Irom Ihis 
solution ad\ .inlain* IS II ai.ill\ lakiiiol lln lai t Ihil llioiinni phosphale 
is less sohihlt III dilnli acid Ilian lln |ihosphil<>. ol“ Ihe olln r nnlals 
that are pnsinl Const ipn nl l\ . I)\ pailialK in nl imIi ^ iiie Ihe acid 
solulion a prteipil.ile is ohlaimd iieh ni liioitnm plnt-pliale As a 
liculrahsintr a«4( nl in.iirin ■•la lia-. niinnitti. athaiilams o\ 1 r ollnrs 
that mi<rht, he proposui 'I'liis liaehonal pi'iipil lln 1 of lln Ihoriiini 
j)liosj)haU« nnisl he repe.dt d SI \ I nl I nil sh Itm 1 pi < ei|)il al t isohlained 
consist in<r almost i nl iii l\ of the I hoi 1 inn sill, and a ( 1 1 lam iiropoilion 
of the thoriinn is ine\ilahl\ lost in lln nn»l In r Inpiois which carry 
aw'ay lln hulk of the other rare < irMi i It nn ni . 

The suhseipn nl optr.dions .11. (oneiin-d inamK with reinoviiij' 
jihosplioric acid and lln n maindi r ol Ihe h 1 \ at nl lan tarih eli iin ids 
from the Ihoimin. For t iiniMi due; plntsphoiie .lenl, lln ernde Ihoriimi 
])hos])hale ma\ In dissi»I\id ni IiMlioelilmie aeni and lln r.in larlhs 
])recipil.il( d .IS oxalalts h\ lln iiltlilnni ol os.ilie acid. Xiinn rows 
inelhods ha\e In i n diseiilntl loi* itnioNiie^ lln ol h- r lan earths slill 
jircsi III ; llnsi are h.isid upon lln ioi|o\\in" I icI > li) Winn Ihornini 
is precipltal t d. loi^tllnr willi oMni nn lals. a> h i ae e.iihoiude by 
lili'ans of sodiiini e.nhoii.ili so|nln*n, .in i \ei e»l |»r«eipilant rc- 
dissoh is the I jioriimi sail , w In ii .1 ■. I In e.ii htwiah s ol lln et rnnn melals 
arc almost insolnhle m sodiinn e.irhonalt uni Ihom of the \tlrnmi 
melals (which are pn seni onI\ in m r\ small ainonnl) are hut shi;htly 
soliihle ; (11) Ihoiinm ox.dale is i-athK sohihlt in .imnioniiim oxalate 
solution, m w Inch the oxal.ili s of lln ;ieetMiij)aii\ iiu; lare i .irlh elements 
arc jiraclicallv insolnhle: (m) lln h\dr,iltd siilph.'lis oi Ihornim ;md 
the accomji.iiiN mil; ran i.irih el- nn nl . .m eomp.)r d i\ 1 1\ sparingly 
soluble .in w.ilir .md tl"ir nl.ilive sohihililns nn* w'dil\ ddltreid; 
and (iv) thorium acilalt is eonsid- i.iM\ 1« ■'S sohdile m \s.iltr than the 
acclat(s of Ihe ollnr r.in f.ulli tleunnls 

The snlph.ili < r\ sl.illisal ion {nil is width nsi d. .VI the 

following hvdr.ilis are m (ijuihhinim wilh llnir solid loiis, and their 
solubilities are as follow’ : 

1 liadanillf, ,J I ml Eng (%m , IMli, 4, .s 2 l / (%m .Vo/s, HM 106, 271 
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of niicTos(’Oi)ic, lu^xn^oiial plates; it had a density of 11 - 0 , whence 
that of llie ])iir(' metal was ealeulated to l)e ll-lO. Bolton’s metal 

had a (leiisit\ olll .‘J2 and. afti i* rollinir am! heatm'f, 12 1(1. 'I'he s|)eeihc 
heal of t hoi mm, .iec‘oidmf( to tin mean of six determinations made by 
Nilson,^ IS 0 ()27S7. Tli(‘ natal burns brilli.intlv Lo tlie oxide when 
heated in the air, thoni^h less (asilv m the form of ribbon than in 
powder. Its lual. of eombnslion is i^i\en by lh<‘ ujiialion 

Til -j- — - Th()_, I .‘J2(),()()() d; 0*5 p< r eeiit. ealories.- 

It melts at about 1 taO^' C. in a \aemim (\on Bolton) ; \on W.irli nb. r^’s 
nudal, howe\<T, eontaininif about 2 p« r eint. of e.irbide nulled at 
1700 ' C. In eolonr, sofliu ss, and dnelilit\ Ihorimn i\ s( inbles pl.itiniim. 
It eonibnu s on lualma, with llu haloiff ns, snlplmr, li\dro^u n, and 
nitrogen; it diss(»l\<s with dillieiilt\ in liN dioeiilorie aeid, and its 
nacLion with mine aeid soon eonus lo a staiulstill. owiiil* to llu nu lal 
Ixeommi' |)assi\( : it dissohis rapulK in aetna ri lji.i, but .ilkalis .m* 
wilhonl action upon it.-^ Colloidal Ihormm has lx ( n oblaiiud by 
Wedekind .mel Bamnhaiu r ’ 'I'lie raehoae*ti\ il \ of thoiiiim will be* 
de-alt ^Mlh in a sperial seeluui. 

'riu most nthnsc lines in llu* are <mel spark spi'clra of Ihormm are 
as follow 

Are: .‘JbSSOO, .T)! I 70, 07 1 1 -OO, 101‘)20, I0S2 02, IO!)l-2!), 

17:)2 00, 1.S(5;i OS, lOlO OO. .•>017 Ott, ,70 it) 00 , attso 22, 01(;2 SO. 

Spark: 2111 OS, 0221 10, 0200 70. 00.00 00, 0010 S7, 0, .707 72, 
070SOO, 1010 00, 10S2 10, 100100. 

The* most prish^fnit sjiark lines, whie*h shexilel lx loeikeel for wlu 11 se-ekin*' 
traee*s ol‘ thormni, are* as le>lle>w . 

2.710 7, 2.7.71 S, 2.7.7.7 0, 2S70 .7, 0200 7, 10.S2 1, 1001 0. 

ATOMIC W’KKBIT OK TIIOIMCM 

It was assume el by Ber/.e*hns. who lirsi m\estiaa1eel tluirimn and 
its eeMiipeumels, that lluiria is an.-deiiieiiis lo maenesi.i, aiul sluiiilel 
tlurefeire be i e pre se iile el bv the* foiinnl.i 'I’liO, the* nul.il h.i\ 111,2 an 
aleanie* weight eif appn)\imale*l\ 110 Tlu fe.rimiki ThOj was hrsl 
adeiple-el by !)« lafeuil.mu m l.SOO, eui ae-e'eaml e.l llu i^onuirphism e>f 
thoria witli tinstone aiul riilile*, anel eif certain eexnpk \ salts e>f Iheiriiim 
with simil.ir salts e>f /.ire'eminm. That tlu aleunie* weight of Iheaiiim is 
about 202 IS pre)\eel bv the feilleiwin^ l.ie*ts ; 

(I) The r.ieluMctn il \ e.f lhe)rinni slu.ws il te) lx* an e le iiu nl e)l hi^h 
aloinie we 12 I 1 I . 

(II) The spe*e*ilie heat of then mm is 0 02787. Assuming .1 me an .ilexnic 
heat e)f 0- 1, tlu* alennie weight by Dnleni^ anel Petit’s I,aw is about 
200 . 

(ill) Tlie* transp‘ire*nev e)f the^rinni lei X-r.n.s is m ,ie*e*e)rdane*e* willi a 
viihu* feir the* .itennie* we i^ht e*ejn.il to fenir lmu*s the e e jm\ ale nl wi I'dil 

’ Nilsoii, lid , l.ss‘{, 16 , I.’.ll, ('<nni>l mill Issj, g 6 , .'llu. 

- Vein W.'ll 1' I|1)I t'f Zi'l-ilt KU hhtn In m , 1‘inei, sell. 

MniNsfiii ,in<I hiiiiil, l///e ('hun I'hif'^ , I'lHI |\iiil, 8, ISJ 

^ We eM.ii'il ,iinl U.mmli.uid Zi if > fi <’/iiin f ii>l iMtllnnh , I'H 

1 ‘Xne I .iiul ll.is'liek, Ihi SpdJn'Ji ihr Klnmnft fni noniuihin Ihmk (Ijfip/i:; .iiul 
Wie'ii, 1011) 

* Le'ejii.'wd, <s'o I'loc Ihn/ Dnbl Sm' , I‘)ns, ii, li7() 

^ XJc*noist Jiiiei ('(j})iiu\, Compt temt , 11)14, 158, (.81). 
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(iv) Not only is tlion;! isomorjilious with (•n‘^sll i nlo iiiul 
riililc, })iil the (•om|»li \ of (IxniiiiM .iixl (‘(rmm (W’ I lie l>|)i‘ 

J,, SH .( ). .111(1 1 Ikimiiiii .iiul iir.moiis snljili.ih s 

Jllso 1 ( Sju cl |\ ( 1\ IsoliUH |,|i(iiis lIillCi |)N .m.ll\MII'r 1||(S( C(HM- 

poMiids .itid niff Mil '-( Ik I Ik li s L.iw (i| Uonmi pliism .iii .iloimc 

wciLfld (il Is ,!ni\id <d 

(\ ) All .i|i|)io|n Mil- pnsilKMi IS Iniiiid I'dr llioriiim in llic juriodic 
Mslim il ils .ildimc \\i "dll is 

Nuuk rolls idlim|»ls ii.i'.i I.mii iii.uIi In d( l< niiiin mcciiimIi l\ llic 
;il('nii(‘ w I i<dil of I linniiiii 

liilV( Inis' coiiMihd IIk n\id( min [lx siilpli.ih and liuii |)r((‘i- 
jiilal i d I In 1 ,1 1 1 ( 1 w ii II li.iniiiii, ohl.ditiiiir ( Ik im .hi \ .due of L'.'IS !), e.il- 
(*iila1( d .mcnidiiiL; hMiKnlt i ii .ilniiiKMM i<dil \ .dm , ( li \ d* mils - .iii.d\ s( d 
the sim|)l( and cniiipli \ snlpli.ih s. and .il.nlin .ici l.ih lonn.ih, mid 
ox.dal* '1 Ik mk hi .dnniu* ui I"IiI c.d id d< d Imm Ins \ .dm is S.*}, 

I)( lalnid.iiiK ^ (siim.d(<l Uk llmn.i m Hx lisdi.iUd snlpli.ih' 

'rii|S(),h 'll 1^0, .11x1 nil I nm d llic \ ,diii .» I 

'I'ln Ino 'iniii!/ n siills . 11 . inwimnh n| In I m ■< .d ml i n si <'l-\( * 
<iii.d\s<d llx .iiih\ diniis ‘•nl|.!i.iU .i - will .i llu nx.il.ih . \iIm)M '* 

(•.Imialid IIk IIk)IM in 'I'iil.SOdj *>11 .nid .do in Iln inli\diniis 

snlpliah , Km 'S .md Nihnii '* lik( wi^« di II iimm d I Ik idin'lld)^ -SO,. 
1‘isl nil. il inns lia\c alsn Imn m.idi l»\ Iliim.nm,' Hi. inner,'' rrhmn,'' 
\\. Itil!/,"' and l)N Ml \« rand (iiim|)ii/" 

'1 111 mole impnil.inl nl* IIks» ksi.ikIks .nc itimii m llic Inllnwiii” 
Inlili- 


.\iidit.iii\ 

Il.ilii) 


\(iiiiii( Wml-IiI, 

..1 


' 


'1 liumiin 

(’!(\c(ls7n 

IlM.SOd. 'I’liO. 100 

0‘J I‘j;} 

2:11 01 


dlio. iM>. r.i 

111 100 

VIV.) o.s 

Ndsnii ( l.s.si>) . 

Tlif.sbd.oll ,0 'IldK 


202 01 


100 

I'l 001 

202 .M " 


'llilSOjK lliO^ 100 

<)‘j J 07 

2.12 .V.l 

Krnss .iiid Nd- 
snll ( l.s.sT 1 

' 'I’liuso,) 'I’liO, 100 

207 

2.02 .V» 

M' \ 1 r ami (.nm- 
jx 1 / ( liM'.'i) . 

j 'l'li(S(),). :T)|(). 100 

. 02 2.S.S 

.»;•>> |() 1 I 

2.02 1.7 


^ I'.i'i/t Imh, /'!■';'/ limil'ii m, 

('li\<li-xno, /'.»/'/ \i,n'ili“ l'•'ll iii;, |{ 

•* I Icl.iloiil.inii l/f/' ' /'////' jiaf , 1 S() {, [ n i8, l.{ 

« ciiM, i: h'liKi A s,,/, 1,1 \ ,f- ijtnf II Unit h 

’’ Ailsfiii, I''S’ 15. J.tl'i '■ Km .iikI Nil "i>. IJfr, l.ssT, 20, iKlt.") 

• I |i rin.iiin. ./ ///>/' f thin |sii| 0 M I 

'' I'.i.Miiiii, Atihift i/iiiii/ ( In III , I'ik; JoT / nil ( 1 1 m ^ , Is'ls lyi, (iS, axil 

IJHlI , 2 ^« 5 , ti( Tilin'^ f In III .Sf/« , |s»is 7 ^, 'l,)l 
■' lilMin, hni Chnn ZV///. I'Hin 1 11 10 . JJ ! 

W HiK/, Anmihn, I'MII, j^i, !.)<) " K .J Mi \i 1 .nxl (.‘iiiii|m i/. Iln , I'Mi', j 8 , 817. 

Hasi'd ijj»()x fill’ fi'Iliiwinu \.ilii' > f"i the fiiiKl.iiiii III il .ili'MiK \vci<:lil. () IKOOO, 

II 1 < 11171 . J 

Jtcc.alc-iiliilnl 1)\ Hi.uiiu-i iiiul CKiiccti-il t<» \acuum WLiglniigs. See Ihimlhiirh da 
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The li^Miro adopted by the IiiUTiiidioiial Atomic Woi(,dits Coni- 
(roin lOOO lo 1!K)8 was In tlu* \aliie w.is champed 

to 282 12, ;ni(l al llu |)r( si n( tinii' (1917) Ihe limire acceiitid is 232‘4. 
Tins \ aim is m ni i d (►! ri \ iskhi, lor it is .ilmosL inijiossilile lo be eertaiii 
tlial Ihori.i (uliieli jiL,nii(‘s in <dl llie .dM)\e ratios) was wei<;bed free 1‘roin 
nioisliire and adsoibcd {fasesd 

COMPOUNDS OF THORIUM 

'riioriiini ap|)ears (o lx s(ri(‘ll\ i|iiadi i\ ali nl in all ils eoniponnds ; 
and tbonirh il is b\ no means a powirlnl niilal. on ilu‘ wlmli, base- 
prodneniLi |)i < doinm.ile o\ i r aeid-prodncmi^ pmjiiiliis. 'rin Ibllowinj,^ 
IS an 1 pilmm of llu elm f eomponnds of lliornmi - 
IlMliide Thll,. 

Fliioiide 'rill'’,; also TbOE^,, donbli' llnoiidis, siliei- 

llnoridi*. 

Chloride Th( I , : 'I’ldM , SlI ,(), o\\ elilni uh . addilion eoni- 

ponnds, eoinpli \ (‘hloiidis 

Jh'oniide "I'lilb'i: liMliale. o\\bioniid<, addilion eoni- 

ponnds. 

Iodid( 'I'll!,, IimIimIi : o\\ iodide. 

Ciiloiale, liromali, lodali', pi i(*liloial< 

Dioxide 'riiO^ ; mi la-oxide ; li\ dioxidi , Tli(()I I )|. 

Snjx roxidi s I’li : 'I’liO, 

Sulphide 'I’hS^ , 'I’hOS 

Snlphili '^h(^().,)2 ^ compli \ snljihili s 

Snljihali 'I'liiSOdi? \ arions h\ drali s , doiibh or eomph x 

snlphati s. 

Sill mil 'i'h(.Si (),)_, I LO : aeidsihmlis 

Si leiiale 'l'h(Si O,)^ !)1L(). 

Nil rule 'rii N, 

Nili'ali 'riu \() , I, 1211^0 , complex niliali s. l*ho‘-|>hal< 

Cal'biih 'I'hCj 

Carbonali s Ilasu* and complex sails. \ anoiis s.dls of oixMine 

acids 

Siheidi 'I’h.Si . 

Sihe.iles 'riiSiO,; 'I'hSi ,(),j. 

Horidis Thll,, Thll,/ 

Thorium Hydride, Thll| Il was obsirxiil )>\ \\inklir“ ihal a 
liiated nnxlnit of Ihori.i and ma^iusmm .ibsnibs IimIki'uii, .mil il 
was snpposul lh<il Ihe ifn Msh bl.aek ])rodnel eonlanud d’hll^ Mdi^- 
non,'* ho^\e\(r. oblaiiud llu- liMliide 'I’hll, b\ llu- eombinalion ol llu 
nil lal w il h h\ droL»« n .il .i n d lu al 1 1 is a solid not acted on b\ w.ih r 
blit dissoh t-d b\ h\ diix-hlorie .leid willi i \ohition ol' livilro^u-n, Ihns : 
Thll, ! IIICI ThCl, 1 IIL 

The ibrnmla was islabhslud b\ Ihe measiinminl of llu- h\dioir(n 
cNohed Trom a known wiiudil of ludride. The h\dnde dissoeiales 

anoitjnm^i III n < 'In ni'i , \l .iml li, l‘li)»), \ (tl in, aixl iimui' IIm idllnwiMu^antt- 

ci'iliMit il.it. i (1 lunnii S .{J <Mi , il I OUT 

^ J-ldliiK s .iiul I (/'/'// 1 /i/f/ , I'll I. I \ II], 28, iSj.l) .iiiiKiiiix 1- lli.il I liiUi'j'M Imml 

lia.s 11 (ii'li I Minx (I till .itniiiii- \\i iL'Iit of thoiimii, .uxl foiiixl 'I'h J.IJ J PtI.iiU .iir .ii 
pri'sciit liK'kint: 

^ Winklci, lUi , l.s'.M, 24, H7.‘l 
® Mcitiifiion, Cum Ilf irml , I'JUt), 131, 8U1 
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wIk'm lioatcd, and al (lissociahon is cMinpIc li‘ iindiT alnmspln pk; 

pr( ssnrcj 

TiioiMiM \\i) TIM-: ii\L(K;rAs iiMdnr.s 
Thorium Fluoride, 'I' id*' I \Mli\dhiii' iil•>llll||| iIikiimIi. TIiI'',. is 

ohlaiiud .IS a winh, .iinoi |)Iiniis po^Mh i it\ p.isaipi li\ drou ' h ilnoiidi 
()\pr(i\( (‘lilnnd( or iipoiindi , In. did lo .‘loO ion ' 

'rile Ii\dr.d(d lliiondi' 'I'liF, III.O is ioiiiud .is .i ir* l.il iiioiis |)icci- 
l)ilal(', jiassmtr upo a lu.iw wliili poN\(lir. wlun li\ di olluoi u- .icid is 
added lo a soliilion of a lliniiiiiii s.dl i ii)ik< /iri'oniiini llimnde, 
Ihoniiin iliioride is insnliil)|i m li\ diolliioi n .leid . Ihis dilli i'i ikm* 
fill M'sIk s ;i iiieaiis foi l]i(' (pi.iiil il.il i\ < '^i |> ii il loii ol I Ik* I w o iin I .iK ' 
\\ ill 11 s(ron<^dv nriiili <1 III air I Ik lliiorid« Ii.ini^.i r< adin oi llioiii ’ 
Thorium Oxyfluoride, 'l’li()l'\ is l(•lll|(d wlun (In pi 1 1 ipit.d i d 

li\ (Iraled lliionde IS ii< .ill d (o son (’ m i 1 1. nn i.l .iiilis dmiis li\ dio- 
iliionc acid. 

Thorium Double Fluorides, riionniii Hum id .i|))(i,iis lo loiiii 
seM'i'.il doiil)l( sail s w il li alk. ill Hum idi s. lull uik i lii<si ,iii ,ill iiisoiiil)l( 
111 wall r I Ik m elu nue.d idi iil d < is suuk w li.d d<*ul»l liil 

Potassium Thorifluoride, Iv /rill*',, i>loiiii'd.e .111 .iiiim plioiis, 

iiisoliihli pow ill r will n hi slil\ jui upd.ih d I lim iiiiu IimIpomiIi is hoileil 
wdli a coiici III imIi d soliilion ol pol.issiiiiii Hiimidi < mil aiiiiiiLT li\dio- 
Hiionc .leid ’ 'I’lie piteipilah ohl.iiiud In iddiii" llioiiiiiii elilmide lo 
pol.isslliiil li\drojf(ll Hlioiidi soliilioii IS possil'h K’l’li .f’,, ol I ,() ^\llllsl 
W'llli iiiiihal pol.issiiiiM Huoiidi IIk piodiiel 1. IsTM’ , 1 1 ,( ) Wlun 
llioriiini lliioiidi .ind pol.is^iiini Hiioiidi .m lu <d lo"< Ik i .ind llie mass 
is(\IlMefid willi wahr K'l’lil*' , i< m.im ^ , aiid wIkii 'euMi' d 1 iiludiiiin 
Hum all is.iddi d lo .1 i lioriimi s.dl sol 111 1011 nifl’lil* , Ol ) is ph eipil.di d ** 
'flu amol pilous ,111(1 iiisoliildi ii.diiiisol llitsi ( miipmiiids difli is id l.il i‘ 
llieiii I I’oiii ol Ik r dmihli 01 eoiiipK \ Hum. d< sol liu loiirili iuoiip 

Thorium Chloride, did I , w.is pn p.in d l»\ l»ii/ilms' 1)\ llu eiilori- 
iialioiiofa iiiixluii of I lim I.l ,111(1 (Ml 1)011 li.ihd iii a |)or(‘< l.iiii lulu, 
hy Siiiilli and Ilaiii-. '' lliioii^li llu iiih i.iehmi ol liioiia and pliosplim us 
pml .leliloride , and l)\ l\iiiss .iiid \ilsoii '' l)\ lualin'i llu iiu lal lo 
ndiKss III a sii.aiii nl IimIiolT'Ii (lilmidi d'limium (IiloiiiH li.is 

hei 11 olil.iiiiid l»\ ]{os( iiIk im, .S.iiiil' 1 and l).i\ idsoluid'* 1 ol(i I Ik r wdh 
I wo li \ di o\ \ elilm id< s. i)\ llu ml < i .k I imi 1 M 1 1 < lil\ j)i • ( 1 jul a 1 1 d I liovmm 
li\dr()\i(l(‘ and .‘deoliolie Indio'i'ii elilori'!' I lius IIk I wo ciw slallme 
prodiiels TIilOIIi.CI, •>11/) .md TliK )1 1 - ( 1 7 1 1 / ) sip.iiMl.d under 
ddferenl eondilioiis, and lioin IIk iiki'Iki lupim lli(l|SiI,() and 
ThC'lt.!)II .0 wir, ohlaiiud mcnslaU Mdeuion and IJmiiioii*' |>re- 
pai’ed anli\ (Irons (hormiii elilorid* m lar'^a pii m.‘d le lU ( dli s h\ p.issiiij^ 
a imxliirc of elilorme ;in(l IIk* x.ipoiirol snljilmi moiioeliloride (SA'IA 

* M.dii'jioii .'iml hil'jiMii J/»/' ('hnn l^hii l')iu,|\iid i<>, llu 
( ‘li.iia cm ^ I'll'}, I'lUs i:|6, UT.j 
' Dcl.ifiiiil.lim ( Ixni \o/ . IS'IT, 75, J 50 
‘ (•Indciiiii-., /’(.■/v \iiiiiih'i Ishl.iii), I ’1 
*’ ria ilcnrii- /’(«/'/ lunil'if Isul, ijf), I! 

" IJ(isciilii‘nii. S.inili (, .Kid yi\Kfs"lMi /' I' ' / 'V-/I' l'»u;, ji,, 1:11 

" licr/illlls I'nifif hihiihti, I.sj'l, l6, 'i'' • 

JO J'’ I'^midi Jiiid II. mi'. / \ii"r ('him .s." , iS'lj 17,(11! 

" KriisM.-nid Xilsoii. . Iss7. 20 , Kiii'i. /.//vA /lAv'i/cd Cfum lss7, i, IIOI 
Kiisciihcirn, .md h.jMfhnIm. h» • 1! 

“ RJutigiioii .ind Hixnion. Cumpt. n ml , IDuO 138, Old 
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over lual((l lliona, and Eoiiraai has found thai llu' vapour of sulphur 
ni(jn()(‘]d(^rid(‘ aloiu* is suMicicnl ^ ; wliilst Moissan and M<irlins('n - 
oliiaiiud llioninn chltiiMdi* in colourless cr\stals hv lhi‘ achon ol 
chloiiiu on I lionum carhidt al hiLili !< inp{ raliiri* : .mil. l.islU . M.il I'^nion 
and I )( li'piMc ( jinparid il hv p.i^sni<4 a ciirrciil ol c.irlion moii 
oxide and ehlnrme o\er thoria Inalid slroni^lv in a poieilam lulu, or 
by I lie aehon of carbon lelraehloi ide \ apour on llioria luaLed below I he 
mL'llm_<r-poinl of llu clilonde, (he principal naelions beinir : 

iThO, -1-a’li -ThOl'l, I ('(K’l., : 
lTh()(l> -I- m, Tli(’li“ -! ((HI,. 

Acoordiii” lo Chans ( net,'* however, thornini ehloiuh' is niosl eou- 
venieiills prepared, fn i‘ from owehlondi*, by healiiiLj llu dioMile 
in a enritnl of carbons I chloridi'. 'Flu* heal of forinalion of Ihorium 
lelrachlori(l(‘ is <^iv(n )a (he ((jiialion 

'I’ll l-liCL ThC'I, |- .‘U)().‘J()0 -I- ()*(J7 pireinl. eaioius’’ 

'I'liorinin chloiuli' foinis coloniless crvslals of (hnsilv < aO : il 
Mdiliniis al 7-0 7.70 (' . rornnnijj shinina labli Is, and nulls .d SJO ' C 
IL IS drh(|ii( SCI 111 and dissols i s readils in ssabi, sslu nee il ersslallisis 
as llu* hsdiale 'rhCl,Slh(). ^Mu‘n I'his hsdvale is drud al ordin.irs 
teinperaluie and pnssnre il \ u Ids ThCI,7lL(). and I Ins *N,ilt. sslu-n 
lu'aled lo aO (’. m a curn nt of drv hsdio^fiii, jiasses inlo 'I'hCl 1 1 LO, 
which al- 100 (’ s lelds ThC’I , ‘Jl 1^0. Abosi 100 (’. basic ( liloruh s 
an* fornud. 'I’lu* luals of sohilion of llu anhs (Irons sail and llu* 
difrinnl hs drabs are: 'I'liC’l,. .70.700 ealorus, 'I’liCI/JlLO, ll.OSO 
caloru s ; ThCI, llLO. ‘20*200 (Mlori(*s : ThClj7lL(), 11.700 ealorus; 
ThCl , SlI ,(), 11,1.70 c.doru s.‘* 

'I'lu hs (hall (1 ( Idol uli isnadils pn pared bv dissols iniL h> hsdroMih 
in concMiliabd hsdrochloric acid and sdnratiiu2 Ihe cold sohilion 
ssilli hsdioiTiii chloride Ljas. TIu* s.dl siparabs on1 as .i beanliriil 
ssliib crsslalline pn eipilab*, and llu* Mild is jiiaelicalls (jnaiilil.dis e 
if an ( <|iial \ ohmie of i llu r be addi d s\ hili* llu* i^as is In passed iiilo 
Ihc sohilion.’ 

Thori um Oxychloride, 'FhOCL. ssineh is Ihe lirsl prodnel ol llu* 
inleraclion of Ihoria and carbon b Irai hloruli , mas bi* is(>labd in llu* 
form of small colonrh ss nci*dles, ssliich dissnlsi m ssabi ssilhoiit 
dc-coniiiosilion.” Il is also Ibrnu d sslu n 'I’hC’l, 7IL() is lu ab d lo ‘2.70 C. 
Its heal of sohilion m ssabr is *2S,laO calories al 10 C (Chans uu I ). 
CV\ slallo-lis drab s ssilh 0, 7, and 0 molecniis ol’ s\abr an knossii. 

Addition Compounds of Thorium Chloride ; Complex Thorium 
Chlorides.— Thor mm chloride forms compounds ssilh 1,0, 7, 1‘2, .uul 
18 nioleciili s of ammonia, of sshich ThCl, INII^ is the onlv eom|)onnd 
stable aliosi* 1‘20^ (’. ; svlu ii heab*d il forms snccessivelv 'I’lifMbJt 
and Th(\ILL.'' 'rhoriuiii chloride also forms addition compounds ssilh 

’ I’oiinoM, \ini ('hiw , lillO. [\ m]. 20, .74-7 , 21,4') 

“ .mil M iilinsiMi, (Umpt rrmt , I'Hn, i\o, 1710 

’ Al.'itiL'noii .md lli-li jiiih*, .1«;/ ('hint l*hit'> , l')07, | \ ni ], lO. 170 
I'lnl IMOS. 147, lOllJ 

“ Von \\ .'iilctilH'iLr, KhhUinhnn. 11)0!), 15 , SOU 

Cliiiuscncl, f'onipf irnd , J'HIO, 149, 2.SJ). 

’ I’ns.ito coiniminicrilifin from II V V. biltlo, <f M.itthcsv'-. ./ Inm <'hun Sm 
1898, 20, 8 1. 7, s;{0 

* Matignon ami l)i Irpim*, .bi;/ ('htm I'ln/'* , I'HlT, Isinl, 10, 1:50 

Ch.'uivoni't, Comjil rend j 1010, 157, .’{s? , \nn ('him J*hij'i , 1011, l\iii|. 23, 277 
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various organic base's, aiul wiMi dlwl alc»»l»oI, acclonc, and \arioiis 
aldclu dcs 

'I'lini imii chlnrid. simus miph l(!idtii('\ li> e-Piubmi wiMi alk.ili <»r 

oIIk r cIiIdI'kI) s III loi tn ( \ - ill ^ \\|ii, |i Iii»\\< \ i r .n i nol \ ( rx n« II 

d( lined. r>( 1/1 Inis' .i))|)i n^ |>) |i.i\ oIiI.imimI .i jml .issiinn lli(iiinn) 
lliK.ndi', In ulneh ( I. \ i ^ .n i i -I !li> ImiMiil.i L’Tli( I , k( I I S| 1 ,( ) , 
xxinisl ('li\ ill Jims ' <)l)l.ini((i lli * lil 'l’h( I , sM I ,( 1 si L( ). Wills 
and Willis' jinpand Ihi e.e^min s.»ll i .'{( 's( ! 'I'liCI , l‘Jl I ^( ) and 
iJ(\( ' 1 'I’lil' 1 , 1 1 1 LO : hnl on aecoiml nl lli< li\ <^n)si*()|)ie n.iinre of 
111 ' se comixMinds I In re was soim imeiilaiiiix as In Ihe ainniinl nf 
llhir wall r of erx slallisal mn (‘liaiixiinl ' li is |iii))iiiil a iinml)i r 
ol' (lonl)le (‘liinndi s nl' iimninn and lla alkali nn laK, willi and xxilli- 
oiil xxali r nl' erx s(alli''.il mn ( It \ i '’nlilaimd lii< plal nnnu eniupmind 
ThCI, IM(I, I'JII.O, and Nilsnii ' lli. <>nnipniniil ‘J'l lil'l , Cl , ‘-M 1 1 .( ) , 
the pxndnie and ipinntiiiif sails (C ,(1 II /I’ht I,. iMd((\,I!A)^ II TIiCI,, 
n spu'l IX I I \ . Iiax I also 1)1 . n '•Mane d ' 

Thorium Bromide, 'I'll III , is pi.pand smnlailx In lln eliinride, 
i Hie uninii nl i|s I It ill' Ills, li\ ai I iii'^MMi a lit al t I nii\l mk' nl’ llinilii 

and carhnii willi hmnnne xapeiii. and h\ hrniiinial in"' llinimin carbide 
at liiLfli lenipi raluit (Mni is m and M n I nisi n 'M ll imualsnbt olilained 
conx < nieiil Ix' bx Hit nn Hmd t>i lami mn wlin li iiL^imrallx appliealiK' 
to Hie jiri jiarahnii nl aiilixdiniis ni' lallie biniia-l's limn Hun nxidi s. 
1'liis niellmd eniisisls ni Hu smiiill im ons a'lmn «>!' siilpliiir ( lilniide 
X apniir aiitj lix dinoi n binmidt on llu' nu lallie n uji iu al< d In a sinlabk' 
leiiipt lal me 'I'liiis a xxliib mi'S nl 'riilh, is tiblanud wlun siil|ilnir 
clilniuk xapniiral Id") C . nn\td w'lh liMlite'i n )»rn'mdi“. iscbslillid 
on In h'ajtd Huiin wlnCl il Hu It nipt r.il i.h i, Inwiittl lo 125 C’ 
ThOHr , It siill . 

Aiilixdiniis Ibnniim biniiiult Inrins nil snbinnalinn IransjiarcnL 
cnlnnrlt s lu i 'lit s i .f dt iisil \ ■> <>2 II snbimu s m //n .il (100 ' 020 ’ C. 
and bolls al abtml 725 C II is h\ ui“s( t»pie a’ul tasilx soluble' in 
waUr and alenlu>l I'lnin .i stilniinii til lliniiinii lixdinxitlt in a(|U(nus 
lix dmlntaine aeid Hu erx slallnlix drab' 'I lil’i , Kdl () w 's nblamed hv 
.lannascli ", til lu r t ibst i \ « rs liax t <|t sci ibi d Hu lix tlrab s Tli lb' , .Si I / ) " 
and I'liIh'jTlI O'- \t'( "I'tlnej (f> Cliauxtiul '' Hu' tintli k.ilix drab 

"idillr, 1‘JlI ,0 1 1 nblani' d III lit t dll s bx t X apm d III"’ al 100 (' asnliilinii 
nl’ Ihnriiini lixdinxult in aicniinlic lixtlin'nn Iii'niiiult , and Hns sail 
wilt n dritil III Hu air passes niln TliIJi , loII.O. xxineli in a xacinnii 
bccnnies 'riilh , 7II ,0. 'I'lu lu als of snliil inn of I lu aiilixtlrmis sail and 
the diflereiil lixdrabsart • 'riilh* 70 I'M) calm u . TliIIi , 7 1 M( ). 22 a")!) 
ca lories ; Tlilh | lOlMO, O.SIO calmus. 'riirn , 12lL(). 2,000 calnru s 

' lins, /’f),/,/ IsJ'i i(), ,s I 

- ( lt.\(‘, Iliill .S>i/ rl if Is7l |iij 21 , I III 
' Clu ilfiiuis /'(«/./ \nfi'ilin Isiil, 119.^0 
' Wills find Willi'- \iiiii ./ s. i I'liil In j I?, I'll 
’’ (’li.nix fill I , ^ 'nw/i^ t'l'd I'lii'i nS, IJ"7 1 il'i 
(’li'vc, Hull Six rliini , ls7l, |iil 2 I, III* 

, ' NiIm'n, Hit , ISTt) 0 . liiMi, 1 1 1 J 

" Jliisciilji nn nii'l Si IiiII'iilx Hir, I'ld'i '177 .supiir .ind I > i\ ub'ilm, Anhrh. 
annti] (lum , Midi 31 ^, Uf , 

" Mill '.'..m .Mid M Mini n <'i>'iii>l xi'l nt>, rde 

IjiMiium, C'liiiiit tiiiil, I‘i07. 14 s, 211 
" .Jemii'isfli. Znt'-ih limit 'I I h' III |s'»5. .*s.} 

Htiscnlii’iin ami St liillm'j 1 I'lan ^ 3 , '.i77 
ChaiivtMii't, tn.-l, I'l'i'i 149 , Js'l 
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Thorium bromide forms with jimmomn the compound Thl?r, nXILjd 
and wilh ])\ndme ((’.^1 /riilii’,, “ 

Thorium Oxybifomide, rid islurined wlun ;in ii(|ii(ous solnlion 
ol'lhi Kh.d)H>midt is • \ .ipor.ih d lo dr\ lu -.s mid ihevisidiic islu.iled 
t<^ Hid (' liMni.s.m mid M.iilms«‘nh^ i( is jiKo ohlmiied ms m while. 
aiMoi |)li()iis. Iii.d»l(‘ m.i'ss h\ lh< nwlhod nf I>oiirioii (si'e ,d)o\eh Mini 
<liss()l\,s ( (Hii].l( I < l\ III w.ilii wilh ^liuhl hissing J''rnm m soliili.ni nf 
llioniim li\dio\id'- ill nlenholie ludroiiui hitunidi- IIk* er\slMlliiie 
h\dro\\ liroinidi ^ Th{()Il)^Hrj Mini 'l'li(()II)I!r j Idll >() liMse hi i n 

oIiImiih (I ’ 

Thori um Iodide^ I'lil ], w.is nhl.iiiud l)V Xilsnn ■’ 1)\ hiillilliLJ till* 
inehil m indmi x.ipniir Fnnn m solnlion ol Ihorium Indioxidi ■m 
Mienholie li \ di lodie .leul er\ sl.ils of I In li\ drow iodide 'rii{( )I I ll . lOl I d) 
sejiMiMh on I \ MpoiMl loll III iinim oxiv siilpiniiie .kmiI , .iiid lioin 1 he 
molhi r- III j I un lorn; in i dh s ol 'I'lil , IdU ,() emi lx ohl.nin d 

'rhoviiiin elil'tiahx hroin.ih , loihile. mid piri'hloiMh hii\c heui 
])]•( pMl ‘1 d h\ ( lex ( ’ 


TIIOHII M AM) ()XV(;EN 

Thorium Dioxide ('/V/e//n)/l'h() 2 . i^ohl.iiind h\ flu miiilion of I he 
hydroxide, (Mi'hoii.ih . siiljih.ili or mli.ih', piip.irid lumi Ihoiiiim 
mnuiMls 1)\ llu' nu Ihods .iluMih diserihid ll max, lioxxixii. he 
ohlmiied III mi iinpnie slab lioiii Ihorih oi ormuiih In IumIiiil' the 
jioxxdi lid 111 I III ra I \x il h enrhoii in mi < h el rie liiriiMei , so as lo x olal ihse 
llu siIkm ^ 'riioriM is M siioxx-xxlnh* p<»xxder x\hos( phxMiMl iliMi.ielir 
X Mi’K s aeeonhii'^f lo ils soiiriv ; I IimI pn p.iri d Tiom Ihe siilpliah is di use, 
thul IVoiii llu iiilrMli iloeeiili III . ll isohlaiiud erxslalline h\ liisioii 
willi lioiMX *' Ol polasaiim phosjihale m llu innni r cmsc lilrauonal 
(TVsImIs :iri olilaiiud. in llu hilhr llu' erxsials hi loni: lo Ihe n '.Milar 
sxslim d’l Iml^oomI Ihori.i is isomor|)hons xxilh /ireoniM, lulile ('I'lOj, 
mid (Mssihiih (SnO,). The duisilx of erxsl.illised llioriM is 10 
Ihire I lioriM dot s ijol t,doxv lnii:hll\ xxIumi lu mH d, nor do< s il phosplum sei' 
to MMX I \U III nnd' r llu inihienee of Ihe cmIIuhIi imxs'-: il luis Ihe 
poxxir of me.mdi SCI IK ( oiilv xxhen il is mixid xxilh '‘ImmII (| 11 miiIiIus 
of ol lu r oxidi s MS, for m''lMii(*e, in llu me.nuli sei iiI-lims nianlle, x\ liu h 
eonlMins 00 j)( r ei III. of IhoriM mi\ed xxilh I ju r ei nl ol eu im 

Mronirlx iLfinlid IhoriM is msohihle m Meids. IhoiiLih lu mI iiii^ \\ il h 
eoneenirali d siilphiirie acid .iiid I inioii xxilh polassiimi hxdromn siil- 
])!iMle eonx <rl it nilo snlphali*. 

Metathorium Oxide i*^ m pienhar, isonurie inodilieMlion ol llu oxuh , 
ohlmiied hx' i}^nilnu4 Ihe ox.d.ile, or the hxulioxule iirecipilnh d lioin 

' Matt Ik xxs. imrt C/kih *SVw , |s<iS, 20 , M-”), S.'IO 
“ KfiM'iilii mi .iiul SiImIIiiil'. lin , lunO, 3 ^, ‘ITT 
Xlmsi.iii . 111(1 MudiiMii, Cnnifif nml . I'M)"*, 140 , 

‘ IJosciiliciin, S.iiii1(*i, ."iiul I ) i\ ul-’ohn, Zo/sf // onoiq ^ 7/i «/ , I'.IO.I, 3 j> I-* 

' Nilsciu, liir, ISSJ, 14 , 2.TJT 

’’ l*<i-«f’iili( ini, S.inilci, .'irul D.iv hIsdIui, nvutif ( /ton , l‘Mi.{ ^ 3 , 421 , \\ \H)ii- 

bull smd \ ( iiK ml Ann ('Inin /Ve/' . I'MIT, [mu |, 6 , IH 
■ Clcxc, HiiJl Sor chim , ISTI, [iil, 21 , IK* ' 

" 'I’rod'-t ('<nn}il n nil ^ IST’. 116 , 1 12.'< 

" Noidt'iiskidlil and ('hxd( niiis, l^nqq. Annnlttu ISIHI, no, 012 
'ri<)r)'«t and Ou\ i.iid, Ho////;/ 7 /////, IS.SO io 2 , 1422 
“ Nilson, lUr , 1SS2, 15 , 2.")l'» 

« Croolas, Vu>r Ilnq So< IsSl, 32 , 20(» , ('hnn. AV/z-i, 1881, 43 , 2:i7. 
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dilute solution sit low li inpiTjiture. When hydrochloric or niiric Mcid 
is cviipornUd \\illi tins oMdc .i syriipv residue is olilamed \vhi<*h dis- 
solves iM wall r, InimiMLf ail op.d< se< Ml Ii((in<l. 'riiesc soliilions eoiilaiu 
salts ot MU l.il lioi iiiiM o\id(‘. which an n im ei|)italed liy (hi‘ .uldilioii 
ol‘ llii corn spoiidiiii( aeids. Ml u liieli 1 Ik \ an insoliihle. 'riiese plieiio- 
nuM.i wd'i lirsl oh->ii\id l)\ Ihrliii,* Halin' and (’le\e'', and il was 
tlioii^dit l)V Halir lli.it I Ik v wi re diir lo I Ik dxkIi of a ik \v mu lal, whilst 
liocke ^ considered llial IIk llmria had Imii ndiieul lo 'l'h,,()-. 'I’lie 
suhjeel has been fiirllur im\ i si ijraled 1 )\ Wwonlioff and Vtriuiiil and 
1 )} Sle\ eiis. AeeoidiiiLl lo W \ roiihoff and \ t rin ml ^ the produel of Ihe 
carerul ii,uiiIkui oI llinriiiiii ox.ilale, nilr.iU* ehloridi, or liMlroMile is a 
ini\liire of I wo poU iiiendi s of Ihona, which on aeeomil of polyiiKiisa- 
lioii e.iii eoinliiiK .uIditiM l\ wilh mine .leid lo lerm sallsol Iheempirieal 
composilion ('I'hO.^),, IIXO , and {'I hO^)- ‘Jl INO From an.iloLry w'ilh 
eori'i spoil! liiiif (*( nmii s.ills Hksc mlr.iUs an* hehesed lo have the 
nioleeul.ir eomposil loii “ 

(Th(),)^t.tIIN(). and (ThO.,),,,, KIM).j 

Stc'M'iis^ liiliiNes lhal nil lalhonmii o\ule is nol 'rii^O.. bid has 
the saiiK' ei)iii|K) ilion .is oidm.ir\ Ihoiia WIkii imp.ind from the 
oxalate and eoiil.mimi; somt w.ild* il eoinbini s with dry hydrogen 
chloruh', formnii' mil.ilhorimn oweliloiuh, which is n pn seiiti'd by 
the formula ThO^ .rThC’l „ and dissoKis m w.dd*, formin'^ a solution 
winch is ell ar if 0 -10 tier cent ol ehloniK' n pr sdil, and is o|)al(‘seeiit 
will'll inori' basic. It n si iiibh's nu laslanme ehloi iile in propi 1 1 n s, and 
doi's not ei\e a pn eipd.di with sihir rnlr.di M< I dhorimn hydroxide is 
obtained by pn eipil.ilmtj the ehlonde with ammoni.i, Sb\disn^Mrds 
it as iiK l.flhorie .leid and as .inalo^roiis lo nn l.islannie acid. 

Il would .appear from Ihe work of Ituir” on eolloul.d '/jreomum 
ludroxidi' lhal the re.isoii sil\<r niliati <lo( s not pneipil.ile ehloridi* 
from metal hormm chloride solution is th.il IIk lalbr is (‘olloidal and 
has Ihe ]U)wer aKo of nlamm*i sil\ir ehlonde m llu* colloid, il lorm. 

Thorium Hydroxide, Thi Oil) is formed .is .i e, I.dinoiis jireeipdale 
W'heii a ihorium sail solution is mi\<d wilh .ilk.ih liNilroMde. It is 
insoluble m ex'ci ss of .ilk.ili, bid dissokis n.idiK m aeids and also in 
alkali e.irbonale ‘'olidioiis, Ibrmmi; eomplix' e.irboiiab s 

Thorium Superoxide, TlnO-. is obi. mud m a liMlr.ibd lorm wdicn 
aminoni.'i isadihd lo a mixlnreol thorimn .le* l.ab or sul|)h.de solution 
and ludro^in pi roxide.^ 'I’his snixroxide is r.ithd’ mist.ible and 
easily Tosis some owmn, so ]).issmj^ into mon- slable Irioxide. 

Dy t he ael mii of ddule siilphurie acid on Ihe >iipi roxide, 1 li^O-, h\ droj^eii 
peroxide is lorimd in solution wlnKl eoneeidraUd siilphiiric acid 

^ IVdm, Vnijq \ntnUi\, 85, e>>'> 

2 B.ihr, Aiuhilni, ISnl. 132. 121 
2 (’love, IhiU iSVw ihun , IS 7 I, In] 21, I Mi 
* Locke, y^<'l^l// nmni/ (’In in IS'M.y, . 51 .» 

MVvrmiliofl iiiid Woii-uil. fowl// /fW.lS'lS 127, «l... , lini ('hnn llnh.mi, 

[viii], 6, 1 11 111 

® WvuniliolT, liowovei (XfiHfIt , 11)01 28, On , tiioriiirti iis bi 

valent, anil torninl.ilcs metatlioiii'in o\i»l(‘ I'l IjO'h 
’ »Sl<'\cn-, Zcihih uinirij Chn/i ,,iaal, 27 , 41. 

•* Iviicr, Zntfir/i a/inrtf ('linn , ItMI.'*. 43, 8,5. 

2 WvronholT.inil Vcrnouil. Hull Snr rliun , IS!)7. |in| 17, 19, , ('ompf 

wmf , 1 S 9 S. 126, 840 ; 127, 112 ; /ln« yV/V'.’, Ivin). 6 , 4 n_ 

Piasarjevitjki, Zfifirh anouj Chem., 1900, 25, 378 , 1902, 31, .139, C.\l’/ol.ui, AUi 
• R. Accad. Sci. Torino, 1911,46, 195. 
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yields ozonised oxy^jen. The siijMToxide TI12O7 is formed by the acLion 
of h3"poelil()nle as well as Ii\ (lr()<r(Mi ])eroxuh‘ 011 Tli{OIl),, and also by 
the (‘leelroh SIS of an alkaliiu* solution of stidimu eldovidr in wlneli 
thorinm h\(lio\i(lr, 'rh(()II),, is snsjiendcd. ll is llunfori* rii^.ivdid 
by I*iss.ir|{ wski * as a true snperoxide, and not iikvIn an addihon 
eom))onntl of 'rh(()ll)i 112^^2* lorm.dion from llic mlrali- is 
iluTefore thus repn seni( d : 

T 1 i(i\ 03 )j - 1 - UlOJl - ThlO.U), 1 lliNO,,. 

Tli(()dl)j lieniLT ii salt of Indroi^ni ])ero\id« . wlneh is snbsi (jiu iill> 
Ji\dn)l\si‘d lo Th(Ooll)2(01I)2 and TJi(()2ll)(()lI) j. a mixture ol‘ wlneh 
constitutes T]i2()7. 


THOHILM AND SVLPIIUB 

Thorium Sulphide, ThS^, and Oxysulphide, 'MiOS. Ihr/dins- 
obtained a yi Ilou jiowdir and NilsoiH a bl.iek snbsl.niei' by li(.ilni,f» 
thorinm in snlplinr \aponr. (‘iivdtinns^ luatt'd llioria lo a In^h 
lemiKT.dnre m a stream of hulroj^tn eonlaimmr carbon disiilplmle 
vajionr. and oblaiiu d a black })rodnel ba\ in^' a di nsily of S ‘21) Kniss ^ 
oblaiiud a brown jirodnel, jirobabK the 0x3 sulphide, ])\ tin aelion of 
h\’dro;'(.n sulphide on Ihorinm halides; and llanser ** firipand the 
same substance 1)3' h(‘atinf( can fully drud Ihorinm snlphab' lo low 
redness 111 a enmnl of h\dro<(en snljilndi'. Lasllv, Dnboin ’ lu .ited 
a mixlnrt of Ihoiiiim elilorid(‘ with ( \eess of scKlinm or jiolassinm 
chloride m a poreekim boat eonlaimd in a Inbr Ihroiiiili which .1 eniTt nt 
of dry liNdroiTdi snlphid(‘ was passed. 'I’lu' prodnel, albr washmi,^ out 
the alkali chloride, eontaineil brown lanulke of Ihorinm snliihuh, 'I’liS^, 
liaMii^' a density of (» 7. After the runoNal of lluse l:mi( ll.e by siflm^r, 
th(‘ siflin^^^s w<r<' treated with nitric acid at 10 ’ C\, wliH*h dissolved llie 
remaining' TiiS^ and K'ft the owsnlplnde* d'hOS m the feirm ol \ellow 
crystals ; these are only \erv sleiwK' acted em b\ nitric aeiei, and have' 
a density of S 12 

Thorium Sulphite, Th(S()3)2 II2O, was e)btaine‘d by Cle ye ® as a 
w'hite ])reci[)itale‘ by dissolyiii" the* sulphate in snlphiiroiis acid and 
warniin^r the solution. The* solnbilil) e)l this sail m seielinm sulphite* 
solution, with Ihe feirmatieai of a ceinijilex salt, furnishes a means ejf 
reiiie^hly sejiaralmy Ihca'inin frenn eerinm, lanthanum, anel diel\munn; 
for when a ne*ntral seilnliem of Ihe* mixed sails is peaireel inlo txe*ess 
of a saturated solution of seiehnin snlphite* nearlv the whole* e)f the 
tliorium remains in sohilion, while the* other metals are* pree*ipi- 
tate-el.'’ The eoniple*x snlphile*s, Tli^OIIl^iSO ‘2Na.,vS() , ‘2‘2H ,() and 
Th(OII),SO j ‘JKoSOj 10IL,() have be e^^n iseilaled.'" 

Thorium Sulphate, Tli(SO,)2, is ol»lame*d in an anh\elre)us slate* by 
dissolving the dioxide in conccntrate‘d sulphnrie aciel and heating the 

* PiS'.eiijrw.sKi, /(« »</ 

‘ l>fr/e*luis, /‘(v/f/ 'XntiaUn, i6, 

® NiUon, lln , 1S82, 15, LM:17 

* ('hje]e*iiiii*s, I'ugg AnmiUn, isiil, 119, 43 
® KrusH, Znt^ih. (nwr(j ('luiv , 18‘H, 6, It) 

" Hau!-(‘i, Znhdi anorg <lun\ , 15)07, 53, 74, 

’ Jliilioin, Compt rani , I'.lOS, 146, HI.”) 

“ ('1l*\(‘, Jiitll iS'or chim , 1S74 [ii|, 21, 110 
■’ (’Juunsle'lon, Compt ronl , 1000, 130, 7Sl 
" OroMsmiuin, Ztituch anotg C/ton , 15)0'">. 44, 220 
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vMi- s„i,,i,,,, „ 

If;';;::;,' -f''-' "VI,';., i;;;;"",;, 

Imiriilcs. Tin- sMli ,s 'll , , Ic ^,•mclls 

the lollowiMi, n,v k,.c,M, <-".»<c.ml „| ,1s ,|,ll, ,, mI liMhalcs; 

Kmu.ilu di.iit- 'j'jwSjO 1 (til n . i 

1)2 • 11,0. moiMidinu prisms M.mmplwms 

"lilt • (SO,) MU ,0 


Ocl.iliMliMh, 'ri»{SO,). .sll ,0 
Jlcviludr.ilc, Tli(SO,)',(;ir.() 
iOrallvdrali , TlifSO,)^ lH“o 

Di]iydral<‘, Th(SO,), l>II ,o 


( 1 \ sl.ds 

• IK ( dl( s, isoMifM pilous with 

* (SO, )> 111,0 


iKvn Imvo 

0 / tiK* 7n| IIh ' s.Iliililiiv 

solulioii lou icmpir.diin 'Owso i ui r» ^ ‘ ' "'‘'Misi s Iron, 
same sch,(,c„ .,1 I J, Im,., . ,al ,r rf, , *'■<= 
sall.s an. iv|,ns,„lMl l.v r , /)/.• '•'"■'‘'<'1 H"' two 

t a. I..,„|.,,.a(„n. ,s loa.n.l |„aa lias |,ca,| ll, , I,, ' ll'"""" 

; IS;, 

Ntil iir<itfd soliilioii occurs i( I'j (' iii i ■ i ■ ' '' ‘'ikI lluir 

' it!,; r al 'l.ai K ' 

It y rx rn.,|,a.„lK ha,,,,, as ^la.l^lVc!.laC^^ 

>1 and (hiinjir-i/, /;,/ l»)iK\ v,; sit 

Miinnclliand ,asiMrmcl(i. ^V,r- r/,,,,, d.,/ , 1‘Mii 32 7i } 

f-r- 

»««,* M k, ,7;;''," 

^YlW„.<l.„gtoX)a«»a„and W,ll,a„,M/-™, m... ,v„ IM„,, ,5, u-mm. 
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hydrate, on standin" in rontaet with tlie solution, becomes converte 

inlo lh(' fornuT, bill tin* rale of ehaiififc is e\fremelv slow. 

T( ehiii( all\ . Un* oelali\({r.ile is a mvv mijuirlaiit sail Us solii 
bilny in .i<|ii-oiis siilj)luinf acid al ‘JO, .‘JO’, and 100’ C. is sliow 
',n’a))l)i( .ill\ It) I'lLj. 7. Al .‘>0 (' tin oel.iliN drale ])asses inlo llie telra 
hydraU >\lii‘n tin eon»*( nh.ihon (»r siilpliurie acid exceeds JJ.S |ur eeni 
At llie saiiK lemjier.ihin , .ind ^\llh li\droelilorie and mine acids a 
soheiils, I he eoneenlr.il ions .it which I lie ehaiiLte of hydration oeeiir 
are 10 .1 and ;tl jier cent, re sju-elix i K . and tlu* solubilities of the h\ dr.itc 
are as follow'^ . 


I’ei* e. Ill of 

Al id 

I Jiatii'. of '1 li(Sl ) ^), p‘ I Kill 
iii.iiiis oi Stilutioii -it 30 (' 

IN r Cl n< of 
Acid 

({laiiiH of 'rii( 
plains of Soli 

SO,). ]»‘‘1 100 

lion at .30 0 


IK'I 

! dNO^, 


H('l 

UNO,. 

0 

‘21a 

1 

‘2 1a '• 

‘2a 

1 00 

t‘ ‘2‘2 

.5 

;; ,50 

: .50 

:io 

— 

70 

10 

.3 10 

1 ‘20 ; 

.‘5.5 

1 

;i 00 

la 

‘20 

*2 :i,i 
' ‘ 2 1,5 

1-70 

' 1.-70 li 

1 1' 

to 


‘2 :J5 


By the proloii'^n tl lualiiiLfol lh<* lelraludrale with waleran insoluble 
basic siilphab*, 'I'hOSO i,‘ 2 ll./) is prodiiei'il “ , tlu* salt ThOlSO^ II^O 
has also Iniii olitamed b\ lu.ilinif a eone<*nliMled solid ion of Ihorimn 
sulphate 111 <i s( ah (I liilii al 100 1 .S 0 ’(‘*‘ ThOSO^ .lILO is also known.' 

Complex Thorium Sulphates, 'riioriiiin suljihaii* unites wilh the 
sulph.ilis of (lie alkali iiutals to form \arious eoinph*x sulphates. 
B('rz< liiis '■' appiars lo Imm* obi. mud llu* salt K /ni(S(),)j ‘2II ,0 by 
inixinu sohitious of the eonslitiu lit sidphali's; bid Bosi nlieim, Sander, 
and l)a\i(bohn® stale IliaL tlu* anhydrous sail K/rh(S()j)^ separati s 
will n llu solutions an* mixed : whilst the following siilphatis ha\eb('i“n 
obtained l)\ Barn* " ThtSOd^-lx.j^^^i I - 'I'liiSO,)^ ‘Jlx^S()|.2II j() ; 
'*Th(SC),)2 Eroiii nuxid sohdionsof sodium and thorium sul- 
V "tes the two s.dls X.^TlifSOj),. I‘ 21 U() and Xa /rh(S(),) j. lllgO ha\e 
been Di^.piired,*^ and from aminomum and thorium siiljihales tlie sails 

(NlI,)oTh(S(),), HI,(), (XlI,)Jh(S()j),;UI,(), 

(Nii,);Th(.s()di ‘2II.A (Nii,);rh(sod« 

TIieri||)icliimiaudca*siumsaltsRb2Th(S()j),,.‘2ll2()aiid(\s^Th(S0j)3.‘2lI.,0 
ha\c been prepared.® 

^ Interpolated from tlie data of Koppol and Holtkanip, Zcitf>ch (liiortj. Chrm , 1910. 
67 , 2 (>l> 

® I)('mai<,‘a\, ('oinj/t rend , 18S.3, 96 , 1860 ; Ririr, (V;wp/ rend.y 1910, 151 , 70 llaiiyei, 
Ber., 1911), 43.' -"'<»■ 

® Hauser and VV'iith, Zextf^ch aiwuj Ch m , lOOS, 60 , 242. 

^ llalla. Ziilsch unorg Chem , 1912, 79 , 260 

'> lli*i/i*luis, Potig Annahn, 1829, 16 , llS.l 

« Hosenhciin. Samter, .and Davidsohn, Zeitsch anorg. Chem., 1903, 35 , 424. 

’ Bqih', ('nmpt. reml , 1910, 150 , 1599 

■ Manuilli and (Jaspannctti, Gazz chim, ttal , 1903, 32 , 11 , 523. 
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The double j)olassmin sulplmtes are slightly soluble in water, but 
insoluble in .i satiirab'd soluhon of polnssumi sulphate; the double 
sodiuui (and aunnouMiin) salts, on Ihc otlu r hand, an' fairly soluble in 
satnraled sodiinn (and annnoniinn) snljihab* abouL t jiarls of 
Na /rh(S() j) , (ilLO jxr 100 of solution at the orduKin tempi rat lire). 


TilORirM AM) SELENILM 

Thorium Selenite. Tlu' normal salt Th(S( .1L,0 is a ulnle 
])reeipil.d(' ' ; llieaeul s.dls 2Th() . 7S( Oo.lOlI .0 an'dTliO . TiSeOa SlI/) 
ha\(‘ also been obtanu'd.^ 

Thorium Selenate, Th(St O,)^ Dll./), is sparingly soluble in water, 
and isomorplioiis with (Ik* eorn spondm^ sulphate.** 


TIIOUIl M AM) THE NITKOtiEX (iROliP 

Thorium Nitride, 'rh,N4. A nitride of thorium was lirsl obi aim'd 
as a whili powdir b\ Clisdemus,* who lualed aimxtureor Ihormm and 
ammonium ehloriih's m a eurrc'iit ol hvdioijen ehlondi ^as , Moissan 
ami Klard ® also obi, urn d a inlrnh by lu-alnu' llu* e.iihidi m a slrearn 
of ammonia, 'file nilnde may also Ik* jinp.ind hy lualniLj .i mi\luri‘ 
of tlioi’i,! and III. lifiK Slum or .ilumniium in a eurnnl ol' nilioLfin/’ or by 
stron^d\ lualm;^^ I he metal ilsilf m the saim ^as."^ 'flius oblaiiii'd il is 
a yellowish maroon powder liaMin^ I he composition Th^N , : il is slowl\ 
deconijiosid by cold water, (pnekl\ by hot, aeeordmjr to tlu' reaction . 

Th,N\ -i-oll/) - .TrhOjj -I IMI,. 

Thorium Nitrate. Jl\ thi* er\slalhsation of a dilute mine aeid 
soluhon of llionum hulioxide or e.irbonale lar/,^* di h(|iii sei nl lahlels 
of the salt 'j’liiNO ,)i l-ll^^^ I'rodiieed, which are \ i r\ soliihli' in 
watiJ* and alcohol. Il\ Ihe er\ slalhsalion ot a warm aipuKius soluhon 
the Indr.ile 4’li(X() |), tllLD'* has bun oblaimd,and Irom a slrom^dN 
acid .soluhon Ihe liMlrale Th(x\() Pi-al !/).'** A diliile soluhon ol Hit 
nitrate is slowly h\drol\s(d wjlh separahon ol a basic sail. 4’hormm 
nitrate is eiiiploved for the inaiiul.ieliire of incandi seenl-^Ms mantlis. 
For this purpose it is obtained m i^rauular massts eontammir about 
4S per cent, of thori.i, which corn sponds marly to Hit' I'ormul.i 
Tli{N(),,), l'II/4. \Mien sironuly if^mihd the ndr.itt' lea\cs a nsidiu* 
of pure w'iiih' oxide. This is dense and harsh wht n the mlrale is (jiiih* 
pure, but if I lo ‘J ]kt cent, of suljiliurie acid is prt sent in the miratt* the 
salt sw’ells like “■ Phar.ioh’s .serptnts'’ durm^f i‘^mition, and fields a 
soft, Noluminoiis asii from six to len times as bulky .is lliat ohtaimd 
from the pure mlrale. Most ni.intle-niakers jirehr a nitr.ilt* thal 

* Clcvf, Hull Sor (hnn , 1S74, [ii|, 21, IlG 

•' Niisftn, Jin , I .ST."), 8, G.M 

** \\ MouholT, Zf A hmst J//M , l‘M0, 47, !ni 

‘ (’livdi-niii't, y '(/77 Anuulm, isal. 119, 

** Aldiss.m and JClaid, Cuinpt >• nd , 1WM>, 122, 1 ;»m (’hun ISMT, [vii] I2, 

427. 

® Mahi.Midn, (Uimpt 7 fnd., IIKKI, 131, 8tll 

’ M.Uidiitmand Dclrpme, l/tn Chnn J’lt!/'* , 11)07, l\ni|, 10, l.‘>0 

® Kiihso, Z(‘itn<h am/cw. Cfnni , lhM7, 4 , liri 

• JJraunor, 'I'rans Chem. XW., 1898, 73, 951. 
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yields the bulky sisli, iiud lieuee coniiuereial Ihoriuni uilr.ite almost 
iii\ariably eoulams liom 1 lo 2 pia* ei'ul of sidpliiirie .leul. 

Complex Thorium Nitrates. -'I'he follow (Mnnplt‘\ I lioniim ml r.iles 
Iia\t‘ birii ohl.niud 1 )n M \«r and .l.ieob\ ' l)\ lie i r\ si .illisal ion ol 
mine acid soliilio:i-, ol Mkii eoiislihaiil sails 

1. K, II ;rii(i\(),)„ 111,0 :j . ■.* M'i’ri>(\o,)..-^ii/> 

2. NaTh(N(),). 1)11,0 K ;n»(\0.)., /nTliiNOd, ^H.O 

M!;riuNo,),:di,o iib,Tiii\o,)„ \i'rinNo>), sii.o 

KTliiNO .) «) ( 0 11,0 ( ^ ;n»{\0.),. 1 o'I’IhNO,),. nii.^o 

Mn'rhlNO,),. 

A s( ni s of eompli \ mliabs eonl.immif (p'.idi i\ alt iil et rmm i \isls,^ 
whose mdi\ idii.il mtmbiis tiait spend (\.mII\ lo lln iiumbirs ol 
St vies I) 

Thorium Orthophosphate i’* pr.ieliedK iie.tiluble m wait rand only 
sj)aviiiel\ solulilt Ml diliilt aeuls . iK loi mal loii I le Vi loi < s< i \ t s pari lally 
to s(|),ii'ali llmnum Ivtun olliti iiu laU otemnie^ m mon,i/il(“ s.md, 
whose pIiosphaLes .ne moo lolublt m dilnlt sMiplimie .leid. 

^\eeoi dui'.! lo ( lt\<‘“ lilt inMin.d j»l>«»splial < , lh}fl*()j)| lll,0, is 

pneipilaltd wlitii tlisodmm Indio-nn plmsphal' i> .uldtd lo lliormm 
iMlrah soliihtm, bul \ «»lek Mia. sIi.omi llial lli< jin eipilah' eoiilams 
sodium. \ ai lolls eompl. \ pliosj.liah . t»f lli'M mm and lie .dk.ili melals 
ha\t 1)M 11 diserilhd,' .d.t» lln elilt)io|)lit»s|iliali 'I’iil I , d I’liO, ‘-'IVO^ 
and 111'* livomopimsplialt 'I’lilh , idTIiO , 2P ,0 p ' 

Thorium Arsenates, 'riun mm li\ dv<»'r( n ai nali Tli(l! Vs0,)ihn.,0, 
IS iivt eijitlalt d m a eVN.I.illme Ibrm wlnn a 10 p< i nl soliiliou ot 
arsenic ai id is add< <1 lo a boilmif solulion ol lli'Mimn^ i drab eonlamm^ 
‘2])<Te<nl olllioiia 'Flioi iiiiii dili\ tlroi'* n n • i-.ib /I III 1 1 , Vs( ) ,) , 111,0, 
IS olilaiiitd as a (i\slalli!.< pneipilab win n a solulion of llionum 
nilrale eonlamniL' p< i nl ot I In.iia is In ab d wil li a aO pt r eeiil. 
solid ion of ars( me aeid '■ 


Tiioini M \\i) ( \i:iio\ 

Thorium Cirbide, TI.C,. In-^l I,\ Tronst.’ who 

lic.itcil Ihoii.i .Mill III .III il.rlni- l.irii.iiv in mil. i In nlil.iiii Ihc 

lilrlill. 'Pill' (■niiipnilinl w.m |.ii|..il.il ni llic |iill. sl ilc, liowiMl’, liy 
Mnissiiii mill Kl.ivil." uhn lii.il.il in III. ■ 1 - . I nn Inni.n'. .1 iiimlnv.- o 
7-2 iFi.ims Ilf llimi.i .mil •! in. .ms nl' <Mil.nn . nnii.r. il nOn siniill 
c.\liii(lirs 'I’ll. .- 1111.111 .innlnM.l w.i'. nl mn|.r.s nl ..0 vnlls, 

anil III" nnii.ilimi l.islnl l"nr nninil.- Tin pinilml. (viiiiinccl 

uiiil.-i- Ihi- ini<.|..s..i|.'. <-nnsi.l..l nlMll.m li.ni-.|.,ii.nl in.lals iiiixcd 

willi i;v.i|.liil.-: III. .I nsilvnl Hi- .-nrlii.l. nl l.s ( is .s 'll. : il l.iiriis 

' ]\ .1 mil l.ifiw, /o'. /■ /■"•I I f '( 0/1 , mid, 2 /, JiS 

- (‘I.'VIS •''V.. il.ul, . ISTI. |llt . 21 , I l'» 

• I Tlt.a fin' r!!;)!',/ '(o./’lssn lo •. II” iSsT. 10^, :i(» . b((( ('him. 

ml Idd'M’w. 

'■ \\.u\tui\. Alii II I' "•! I‘»"' 

427 
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brilliantly when slightly heated in oxyjren, and also forms a sulphide, 
with beautiful iuenndesceiice, wlien heated in sul[)luiv vji])()ur. Concen- 
trated cacitls Jiave little action on llu' carbide, dilulc acids attack it 
rapidly, and water reacts willi it ri'adilv, yieldinj' a nn\tuT(‘ of livdro*Ten 
with rnelliane, ethane, propaiu', butane, elliyk'ue, ]>ro])Nlene and 
hoinoIoiriK s, and acetylenic li\drocarbons.^ 

Thorium Carbonate. — Tlio precipitate obtained by addini,^ sodium 
carbonate to the solution ol a thorium salt is a basic carbonati winch 
dissolves readily m excess of carbonate solution, fovinuu; a complex 
sail. Tills propirtv ser\es to distin/^niish and siparah* lliona Irom 
other rari‘ larllis whose carbonates do not so nadilv dissoKi in (‘xciss 
of alkali carbonate. From this solution aleoliol prceipil.des lh(‘ comprex 
salt Na(jTh(C().j )3 l‘2lln0 “ as a ervslalline jiowdir; the following sails 
ha\(‘ also been ohl allied ^ : Ky'rh(C’() j)..l()n >0. (Nil ,) >Th(('() ,) .(111,0, 
Tijh(r()3),. 

According to Chauveiiet ' thorium o\id(“ absorbs carbon dioxide, 
forming ortlioearbonates. UndiT ordinarv ^iri'ssure thi' eonip»)und 
2Th(0IJ )4 IS produced, but und<r .‘30 10 at niosj)h( ri s IIk' orllui- 
carbonate ThVOi-MLO. Undir this latlir jiressuri' tla anlisdroiis 
oxide Melds Th(‘() , (ffhOg. 'I’lie addition of sodium earbonab* to a 
thorium salt solution forms ThCOj Sll^O, which lost s Oil/) in a \.u uiiin, 
and on healing to 120 * C. forms th<‘ liasie salt 2'rhC'() i 2'rii()^ Ol I./). 
The following thorium sails of organic acids aiv* known : 

Thorium Formate, 'J*h((’II()/, ;31I/), eT\ sl.dlising 111 colourless 
plates; and Ihe basic formate TJi(OII)o((*II()j) m which si'paralis as a 
crystalline preeijalati* wlum a dilute thoriiiin ^all solid ion is boili'd 
with sodium formate.® 

Thorium Acetate, Th(C\ir /)>),, sej>ara(es m lim n<<dl(s Irom a 
solution of Ihorium ludroxuK* in acelie acid or of the sulphab* in 
ammonium acetate .solution.*’ Thi‘ basic salt 'TldOIl) /(*^I1 , 11/) 

exists.® 

Thorium Oxalate is ]>ri‘Cipi fated wlun oxalic acid is .iddi d lo a 
thorium salt solulion. When obiaiiud from hot solid ions eonl.iimng 
about 10 per cent, of hydrochloric acid the pncipd.ile is di use ami 
crystalline ; from cold and nearly neutral solutions llie oxalal(‘ si })arales 
as a ratlar bulky, amorphous jirecipilate which readily passes into col- 
loidal solution when A\ashed with A\ater. The composition of Uk* air- 
dricd salt is expressed by the formula Th((\/)j)2 ^’dl/)'^ ; aaIkii liiated 
to lOO*^ (*. or dried over sulphuric acid the dilndrale 'rh((’./) ‘2ll/) 
is formed, and at 100 ° the hydrate lTh(C2(),)2.:3ll/) is obtained.^ 
Thorium oxalate is practically msoliilile in AAalir and aipieous oxalic 
acid, and is mucli less solulile in dilute mineral acids than the oxalates 
of the tervalent rare earth elements.® Tin* solubility in aijiieous sul- 
phuric acid at 2;i° C. is as follows : 

^ L( k'.ui < 111(1 lUmicns, ('uni/tt imkI , llli; 3 , 156, l‘W 7 
^ ('lf'\(>, Hull Snr rliDi) , 1 H 74 , |id, 21, III) 

* l^twi'nln-im, Sanitci, ,'in({ l).i\ idRcihn, Zn/sr/j atiorq Chrw Ik),'), 35 , t2t 

* ('li.nivoiK'l, ('ntnpf. reinl , I‘M 1 , 153 , (ill 
° IT.abfr, Mumitsh , 1 S‘» 7 , 18, (587 

® Urhain, null Soc clnm , 1S‘)(5, till], 15 , 813.8. :U7 
’ Hi.'iunci, Wof-f Vhfw Hoc, 1 S08, 73 , M.S t 
" H.insiT mid Wiilli. ’/.nheh nmnij. ('hem , 1912, 78 , 71 

" ]3r.iunor, Ttnu't ('fom. Hoc,, IS'lS, 73 , 972 Sec .ds-j f Ins si ik's, vol iv. p 27.'5 
llfluser iind ^\lItl^ Zeifsfh ami ('hew., 1908, 47 , ;3S9, mifi lor rit , Wiilli, ZiU'di. 
anor^CJuni., 1912,76, I7t 
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Normality of H.. SO 1 . . . 1 3 ‘2 i rA) 0 1 - (iOt 

Grams of Tli((\(),)^ ]kt 100 frrmns 

of soliihoii . . . OOM) 0 070 0 IjI. i) 2 l):\ 0 ‘270 


\Ailh coiKM nirni lolls of snlplunu- acid I Ik ov.il.ili is (‘lian^ccl 

into siil|)hal(. 1 1\ (liocliloric acid in c<iii(s nl r.il ions iriv.ilir than 
about ‘20 jur ccnl. coiiMrls IIk ox.d.ilc into an o\al(»cliIorid(‘, 
Til I ‘20lI/).‘ 'Die s()|i|l)ilii \ of tiinniini oxalate in dilute 

mineral acids is n dueed to a ik irln^ibli' .iinoiini In Hit addition of a 
mode rale exei ss of oxalic acid 

A eliar.ieli risl le jiroju rl \ of tliorinni 4i\alale i, its |)o\\ t r lt» coin bine 
x\itii alkali oxalah s to Ibrni eonipK \ s dts. and I Ins liii mslies .i nu IIkkI 
of (list inifiiishiiiLj and s(|)aralni!r llioiinin lioni oIIki metals of the 
ran* earths.- 'Du* follo\Mn‘_f e<)ni[)li \ salts h.i\ ( lx < n di seriin d 

(Nil i);ni((\,(),), 311,0." {Mld,Th((^,(),), 711,0 ‘ (an.l 1 1 1,0).' 
(Ml^),Th,((\0,),7ll,0’>« (and ‘211,0 0,' K ;rii(C,0,^ , lll,0.=» 
Na;ni((’,0,)i 011,0/ and IIk aeal sail 11 .'1 h .(I/O,) . !dl,0.‘ 

■ Accord in Lj to Ilanstr and Wirth. the s.dts (\11 ,),'rh((/0,)i 711,0 
and (Nll 4 ),'rh((/ 0 ,) , 111,0 are l.ibih* phasi s in lh< s\sl(m thoriiiin 
oxalate ~ amnionnim o\4dal» ^\at^r at ‘2*> (' , Hk stabh' phasis. in 

addition to llu' siii'jh (»\.dal(‘s, lx in<( the otln r salts nunlioiKd abo\('. 
'Die he] )1ah\ (Irate, which (iwslalhsts from a coikm nli.di d solution of 
thorinin o\al«ite m a lar^e < \ei ss of ammommn oxalate, passi s into 
the letraln (Irate m drv air, .ind lh< l.iltir salt nia\ lx (hlndialed 
o\cr ])hosj)horic oxidi* At tin or»hn.ir\ l< m|)« r.il nri' lot) ]i.irls ol 
water dissoh (“ IH) 3 |),irl s ol the 1( train di.ile laif an ( xira !) 3 pai Is ol 
ammomiini o\alat( must lx pnsdil m solution to jm \ i nt (h eomposil ion 
of tii(‘ (loiibh salt b\ w il(r. \Mu n a solution (»l llii. s.dl in wal( i* is 
dllut( (1 with nmehw.d<r it lx coim s t m but. ;md a (olloidal pis eipilati', 
winch slowK b((“om(s < r\ sl.ilhiK , is prodiusd IIk pricipit.ite is llic 
salt (Nil j) /rii ,( C/0 711,0 l-’nillKr W(»ik on IIksc' doiihh^ salts, 
from the j)h\ sieochemie.d standpoint, is d< sirabh*. sme( the ix siills 
of Hauser and Wirlli ar( not in aceordaiie* with lhos(‘ of .James, 
\Vlntl( more, and Holden. 

Thorium Tartrate. If.i sohilmimf tartaiicacid n added to a lliorimn 
salt solution a pneipitati is loiniid which dis>*oI\ts m i xeess ol the 
acid. On dihilnii^ this solution .i tartrate is is pn eipilali d which, 
accordinif to Cle\e,'* has the composition I h j|t)ll),(C ,11 ,(),/, ."311,0. 
Bv mixing 111 solution <(pii\.d(nl (pianlilns (»l tlioiiiim nitiate and 
tartaric acid a tartrate (d’ IIk com|x)silion lh,0,(C ,1 1 ,(),/, ‘2()l 1 ,0 is 
prccipiiaU d ; and this mav lx n pn m nle(l as I Ik Ihormms.dl ol Ihorio- 
dit.'irlaric acid, thus: |'riiO(C/H |/l h *2011 J ) * Narioiis thorio- 
tartrates lia\c been pn pan-d Thus hy s.ilniMliHLr ;i hoilmcr solution 
of ])()hissniin Indroyeii tartrate with thoiinm Indroxide Cle\e''^ 
obtained Jx/;rh(l',H and R(,s( hIk im, Saniler, and Dm idsolui ^ 


^ JlaiHcr Hixl W lid!. /"f ftl . 

= liuiisc-n. y Wj/ «, 1 S 7 ."» 155 ’'.T.'), Biaiiim Uinn .Sm , Is'is, 73 , ‘l.)| 

» ('Idc, Hull 'Snr ilnni, 1 S 7 I |iil. -ri, IKi 
• JJr.'iiiiK’i, lor t if 

c S.'Miifri aiitl l):iM(l'..»hn. '/''A 'tnonj i'hnu , CH)., 1_1 


“ ami \\ iidu i/wf/ . 0H2, 78, 7") 

’ James, WhittciiKirc, inxt JIoMen. ./ Aiiur (’luni Sue. 1!)U, 36, IS 
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have prepared Th0(C4ll40flK)2.8ll20, Th0(C4lT40eNa)2.8Il20, and 
Th0(C4ll405Nll ,)^ SiloO, as well as the marc basic salts 

K ,(Tli())e\lI .Ofi. III2O and (Nil ,)/ni())(!ilI,(),. tlT.O. 

The eoMshiMlion oi' liiese sails is probably analoiroiis lo Ibal of iarlar 
cnietie, so lli.it tlu* livdrowhe hvdro^en atoms (»!* I.irl.iru .icul are 
replaced by 'I'hO. 

Thorium Acetylacetone, 'rh((’-ll7()2)4. — eomnion with oilier rare 
earth iiu lals, (lioriuiii Idrins a solid compound willi acet> laci loin . Il 
IS oblanied In llie aclion of act lylac( ton(‘ on lliorimn li\dro\uie. ol' 
sodium aei'tylacetoiie on lliormm sails/ or m iitarlv (luaiil ilal i\ e \ wld 
by addmir a solution of a lliormm salt lo a laintlv allvalme ^oliilion of 
acet\ laec lone, anti precipilalm^ willi llit* smallt si <|iiaiil il\ orammoma - 
Tin protluel can be cr\slallis(d from alcohol, nu lls al 171 :md may 
be siiblmu d imdt r rt duct d pressure wilhtml apjmciahlc' dt eomposilioii ; 
its nitiheiil.ir wei^hl '* m c<irl)on h Irachloiidi* sohilioii eonliniis Ihe 
formula 'rh(('-/l,()^) j. With .immonia il forms the adtlilitai ctMiipomitl 
|Th((\-Il-()j),|_, \ll {. 'rin* sl( n ocluanieal coiisliliilioii ol Ihoniim 
and other nulalhc ac(‘lylaci loiu s prestails an inltrtslmg [irohli m * 

TIIOUIUM AND SILICON 

Thorium Silicide,TliSi^, is prt'pared l)\ healing ma mai^iu sia crucihK', 
lo l‘JOO C., an ml mi. lie im\lur< ol 15 nr.uns polassiimi I liorilliioridt', 
(iO ^^ranis polassmiii sihcilhioride. and 50 ^T.mis alimimiiim. Ihe product 
bcim? freed from alimnmum and silicon In Irt.ilmeiil with polassmm 
carboiialt* solulion. Il may also bt* prep.irtd h\ Inal 11114 a I’uixliire of 
Ihoria and silicon iii an (‘Itclric fiiriiact , or l)^’ lit al 11114 .t mixliin of 
ahmmiimii, silicon, and Ihorimn lo 1000’ (’/' Il forms i|ii.idiali(‘ jil.ihs, 
resembhiij4 i^r.iphile, and has a d(‘nsil\ of 7 00 al 10 C 11 is soluble 
in a(|U(ons iiinur.d acids, bnl nol m .itpit ons .dkalis 

Thorium Silicate. 'I'hc nniurals i horde and or.meiU‘ coni. i in 
thoria combifK d nith silica, and arliliei.d silicalts corn spoiidni^^ lo 
the formnhe 'riiSiOj and Th Si ,(),/* haxe bteii prt [i.irt d by fnsni^ 
together tluiria anti silica. 

rilOiniM AM) BORON 

Thorium Borides. -When a mixture of (horia ndh boron is ht.ded 
in a carbon lioal in an tleelric fiirnact* a bron/.t -v< How lo red prothicl 
is obtained from nhich tw'o boritles of Ihornmi, ThB, and 'I’hB,, can be 
isolated.’ 

Thorium Tetraboride, 'rhBj, is a }tllo\v, int lalhc-Iookiiig powibr 
consisting ol fragnunls of prismalic crvslals, anti ha\ mg a deiisih of 

* Urbain, Bull Sor rhim., iSlHi, fin], 15, 33 S, :U 7 .bo? f'/nm. , I'.lOO, j\ii], 
19, iSi 

“ Jiiltz, Atnuthn, dIOl, 331, 3 .'N , anoitj Chim , 10 ( 11 , .10, L’IS 

’ lloiiiLtschninl, Coinjit u ml , iM(ll), 142, \Tu. 

* Sot* .iiul Mo*",. Ttmi't i'hun .S'or , fos, • 

'■ lloni^solimul, ib)d , ,s« i- ,iUt> Wod. Uind .tn<l IM/ti.t'A m />>,•, HKl."), 29, 10 Jl 

iintl Uuvr.Tird, Cotnpt tend, l,SS 7 , 105. J-m , I/?/? ('hnn I'lnf-t , ]SS!l, |v]J, 

17, 227. 

’ Bluet till JasHoniifiv, (.W/?/ tend, 190.~>, 141 , i‘)l , b//? Chun /'Ays, l‘)i)!l, (mu|, 

17, 145. 
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7’5 at 15° C. It is dissolved by cold liydroehlone juid iiilnc acids and 
by hot sulphuric acid. 

Thorium Hexaboride, TliM,^, is an aniorphous, w ddisli \ mid , ludallic- 
lookiH^r .s^iihslnnec hji\ in^^ .1 d( Msi(\ (»r (5 I .M \:) ‘ C. 1| in nni dissohid 
by (‘oncenlraled In droeliloric and snlplnnu* acids, hul dissoKcs rcadilv 
in hot nil vie acid. 

DKTKCTION AM) KSTIMVTION Ol' rilOUIl M' 

Detection of Thorium. The follow ini( rjii.dil.d i\ c n. id ions arc 
char.idt rislic of lliorinni 

Alhah aninioma, and aninwnmm sul/thidi' soliilions pn ci- 

pilaic ironi llmrinni sail solnlions (lie li\dio\idt 'rii(()II),. insoliihli' 
in c\c( ss of Mil pncipil.inl. All, ah nnhnnah s pii cipilalf h.isic lliorniin 
carl)onal(‘, soliihli* in i-\C(‘ss ; siilplmlr pn cipil.ih n K ,’rh(S() 

solid )I(‘ w ilh dilliciill \ in wab r. and disl inirnislii d lioin i In- con i spondii.ir 
vltnum sail bv inscdnbilil \ in < \<“< ss ol (h< pncipil.inl. Onihc (uid 
])rccipil<dcs llu o\al.d<, insoinbit in<\c(SNol lli< pncipil.inl (dislinc- 
tioii li'oiii /irconnini), (imnunumn oKthtlc aUh jinnpil.dis llu o\.dal(‘, 
bill ndissohcs il wlun .id<l(d in ( \c« ss. loi nnn^ <i solnlion not pri‘- 
cipitalcd by diliilion (dishncimn Inan ci nnni and Nllnnin), hjitbi)- 
clitnnr (Kid, liowiMV, npncipil.ibs llu ox.il.ib ln)ni Ibis solnlion, 
sinc(‘ (he lalbr is insolnbb in on.iIu* acid (dill< n ium Imin /in onnini). 
Sodium tluasuljihdle on boiliiiLT prccipil.ibs all llu llioniini Ironi 
a solnlion (jinbiMbK ol llu diloiub ; as b.isic llminini llnosnlpli.de 
(dilbrince Ironi C(nnni and \lliiiini nu lals) l^olussnun lodnh pri‘- 
ci])i(ales Ihoiimn as IheuHlalc, piecipil.d ion i. conipldi* c\in in a 
solidion conlainmif 10 jic r C(nl l»\ \olunu ol coiieinl’ ibd mine acid 
pro\ ided a inodiiMlc ( \c( ss ol pncipilani is .idditl (dilb n nee irom 
rare larlli nu l;ds( \cej)l /.iiconnnn aiul ijii.uli i\ .ib nl c< niiin).- Sodium 
hijj)()jdio'^j)luth‘ jin cipdales llu coi n spoiuliinr llioriiim s.dl, insoluble 
in dilidi' miiu ral .icids ‘ Sodium jU/Hfidiosjilnih pn cipil.ih s I lu lliornun 
sail, ])Vacl ic.ilK insoluble in ddiili (0 ."i N ) imiui.d acids (ddh n nc(i 
from rare carlli nu l.ds i \ccpl /ireonnnu aiul ipi.idi i\ .dent ciriimi).* 

Estimation of Thorium, "llmrimn is ,dw,i\s islini.ibd i^ravi- 
iiictiicalK as oxide fornu d bv llu ii^nilmnol llu liv dnixub , siipi ro\id(‘, 
or oxalale. ^Tlie oxide should !>» pirhellv while; Ir.uMsol didvnuuni 
oxid(* inip.irl toil a pink or biownish linl. ll isv»r\ hviiniscopic 

Then is hub dillicnllv in sipaialm '4 Ihonuni ipianl il.iliv civ Irom 
all otlu r nu l.ds t \(‘i*])t Ihose ol the r.in (.irlhs I'or llu sip. ii.il ion 
Irom llu sc nu l.ds nunuroiis nidhods h.iv* bi i n jiioposid lluv arc 
ciiuiiicraled in \ Oliinic I\ (('ha])li r XI) ol Ibis si ru s, wlurclull rdir- 
cnces to Ihe hler.ilure .ire i,u\« n 

The (Ichrimnahon of Ihorimn in mona/.ile sand is an iniporlant one. 
Ow'iii^ to ihe pn SI n(*e ol laii^c anmunls ol ollur rare i.iilh mdals and 
phosphoric acid, Ihe eslimalion is rallu r dillicull and tidious 'I'he only 
methods which do iml lunssitale removal of the idmsplmric acid arc 
^rn'cipitalion as lod.ile. hv iiophosphab- or pM’ophosph.ili ■ and all Ihc 

7 ^ Si-f Alev I-I ilinl lliiii.ri, Jhf iUn'kdh >l(t <II<H(H / /■/« /d^luii-r.iit, I'MJ) 

“ K. .1 M.wcr JiM.I SpUii. r/iim /.< il , V)U\ M 1*‘ •' 

* Kohs, Chew Zeit, 1912, 36, 080, KoNriilinm, dud, 1912, 36, 821 Wulli, ibid. 
1913, 37, 773 

* Carney anti Campbell, J. Amcr. Chem Hoc , 1911, 36, 11.11 
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methods avfiihible nccessitiite a second precipitaLioii of the tlioriiim to 
remove small anionnls of other rare earths earru'd down with tl\e first 
precipitate, 'file sand is wii^lu'd, “ broken by belli}' In'ated with 
exeiss of eoiieeiilraUd siil|)hiirie aeid to ‘200’^ C. for se\eral lioiirs, 
cooled, and the product jioiin'd into a Iar»e vohiine of cold water. 
From the cold filtered solulioii the rare earth nu'lals are jiri capitated 
by an excess of oxalic aeid. The washed oxalate jm eipitate is ilecom- 
pos(“d 1)\ lirnitioii, bv boilini' it with sodiuiu hydroxide, or by luatiii}' 
it with a niixhire ot eoneentratul and fiiniin}' nitric aeid. Tin* oxulc 
or li\droxid(‘ nia\ then be dissolxed in hydroehlonc acid, the thoruim 
separatul by doiibh' priTipilalion as the basic thiosuljihate, the preci- 
})itale dissolved in h\ droeliloric acid, th(‘ solution tilUrid from siilpliiir, 
precipitated as oxalate and if^nitixl to oxide; or tlu‘ nitrate solution 
ma\ be iu iilrali'/.< d with ammonia, [ireciintated with hydro‘'(‘n piroxide 
as li\diMt('d tliornmi peroxidix and tin* pncipitati' eh. mired into thoria 
bv urmtion ^ 

111 acetic acid solution, thorium may be didermmid by titration 
with ammonium mol\bdai(‘ solution, iisuio diplKiiylearha/ide as an 
extd’nal indiealor. 'I'(r\alenl iMiv earth eh mints do not inlirfire- 


TIIK HADlOAtTIVITY OF TIIOKIlhAI 

Discovery of the Radioactivity of Thorium,-- Tlie ladio.ictivitv 
of thorium was disco\ered m ISPS 1)\ Madame Cui’k* and by Sehmidt.'* 
independenth . llecijuerel laid ol>s(r\(“d the radi(»aeli\ ity of uianiiim 
in l«S!)d; and wlieii a can ful examination of other ileiiuails for a 
similar plienomenon w,is mad(‘, llie onlv one which yii Idi d fi sells was 
tliornini. 'riiorimn was found to ri'sunble nramnni in its power of 
lonisintr a ijas and discharji'ini' an ileetroseope. but was sevir.il limi's 
less aeli\e, pholo}fraphicaliy, than the latter (leniinl. 'file is ,'son for 
tills dilTirence bitwaen the radioactivity of the two i him ills is lliat 
whilst both emit similar y.-radia lions, the fi-radiation of thorium, which 
])Ossesses pholoirraplne aelivilv, is much weaker than that of uiMiiium. 
It IS notew'orlhv that tin radioaetiMty of tliormni was obseiwed jin vioiis 
to till' disco\ery of radium it si If. 

ThoriumxX. Tiie diseoxirv of thorumi-X ibllowvd that ol iira- 
nmm-X. In 1900 (rooki s^ found that when a sohilionofa iiranmm salt 
ispn eiialated with ammonium carbonate, which is then added m excess, 
iiearh Imt not (|uile all the precipitate is redissolved ; and that m the 

* 'iho ll(l-IiUUie llltlfllilj to lln‘ .in.llSMS of JUOll.l/ltl* NIU<J is .is [nMnUS 

houdou iril, yrml , iStl."), I 2 I, 27IJ ; Hull Hui.ifmii, ISMS, jni], 19 , lU; Kii'- 

zcimis and lUnl/., Zi ihi'ft mud CJuni , 35 , oJa ; (il.isii, ./. Jiyn/ ('/nm Sru , ISMIj, 

18 , 7S1* , ('/mn 7 /., JH«lh, 20 , 1)12 , Zid'^eh final r/n /» , 1S117, 36 , 21'} , ISSIS, 37 , 2."> ; 

Hint/, nnd Wi’lwi, ihul , lSt)7, 36 , 27, ()7i), lliiitz, ifcn/ , IS'.IS, 37 , 94, r.llt ; J)iossl»iidi, 
Ztduch aiujtu'. ('him, I9UI, 14 , 0.1.1, Jionx, dud, 1902, 15 , 297, Jf.Tiisor and W'ntli, 
d)id , 1909, 22 , 481; Metvm'i. ./ Aiiur ('hem. *S'or , 1902, 24 , 90l ; Ni'isli, djid , 1904, 
26 , 7S0, Oaincv and ('ani,»Inll, diid , 1914, 36 , Hoiidli, daizftla, 1909, 39 , 1 , 42.'>; 

R .1 .Mcm i and S|K (ci, <"//f/77 iTf 7 / . 1910, 34 , .'lOtJ ; Jolinstone, >SV k /W., 1914, 

33 , .')j, 11 (' W tils, 7 /)ir^ , 1910, 29 , l.'iOl , White, 77<«rttt7n and itf ('ompound/i (d'lio 
Institute of Chon. istiy, 1912) 

“ llet 7 C;ei and Zons, .7. hid Enq Chnn , 1912, 4 , 49H. 

* Madame Cuiie. Com/d. tend , 1898, 126 , liOl. 

* Schmidt, ,4/07 l*liii/f., 1898, 65 , 141. 

® Becrjueiel, ('umfit iind , 1890, 122 , 420. 

" Crookes, 7'rt/r. Hoy Hoc., 1900, 66 , 409. 
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small amount of rcsiduo tluTo is conci'iitratinl for tlu* time the 

wlioh* of lh<‘ j)lu)l()i,Taj)liK* ac‘Li\ilv of the orii'iiial sail. 

Hulhci'ioril and Sodds ^ m nli* an.doi^oiis ol»'.( rs .d ions on IIku’iuiu 
in 1002. 'riu \ round (hal wlnn a sulnlion of |)ni<‘ llnu’iimi nili.de is 
preci|)iliil( tl 1)\ *uninoni.i, in wlnn lhoinnnn\idi is w.i>liid npi.ihdly 
^VlUl walir, lln ai|n(ons lilir.di or waslun<is \ n Id on < \ .ipmal ion tL 
residue eliemiealK In i fmin. I)iil scm r.d lln 'n.ind linns as r.idio- 
active a.s, the oriLun.d tln»rinin. winisl lln r.idio.iel i\ il \ of lln l.iller 
has appn ciablN dinunislnd dnrin;^ lln proei ss 'I'lus powirlnllv 
radioaeliM* jiroducl wasnannd llnniinn-X 11“ sodinin li\dro\id< or 
animoiuuiu ( arhonali- or o\alal< is i inploM d inslead of .iniiuonia lo 
])r('<*jpdal(‘ lln- lliovinin no sep.iralion Im Iwi « n llioniiin .ind Ihoiiinn-X 
i.s effeclul , llie jin eipilali <1 llnirimu eompoiind r« lams its original 
aclivd\, and tin* lillr.ile is nol i.idio.ieli\ i 'linn linn* is a dishnet 
cheniieal dillinnei IxlwiMi llnniiun and llioiium-\, sinee ammonia 
preci[)il.d( s llie rornni,l)ul nol lln lall«r, w-Inhl sodium li\dio\ide 
preci])il,it( s l)olli. 'Tin ailnal amouni of Ihoinim-X rraetionally 
scpar.ilid from Ihorimu is, houi\»r, so mmiiti as lo he diteelul only 
by jIs radio.iel i\ iI\ . 

Decay and Recovery of Radioactivity. V n niark.ihle relationship 
found to exist helwnn nranimn and nrannun-X lid lo lln- diseo\irv of 
asiinilar n lalionslup hi I wi i u I liormm and Iliormm-X lii eipii rel ^ had 
dis('o\ ( red llial a non-.ieli\i urajiinin solnlion liom winch manmni-X 
had heen separalid fr.iel lon.ilK , isi^Miind ils oinrinal i.idioael i\ ily 
within a year, whilst the r.idioaeliM iiranmm-X lost ds aidiNity 
durmj' Ihe same liini*. Ilullnrlord .md Sodd\ m.ide similar oh- 
ser\alions with Ihonuni 'I'ln \ loiind that Ihoiiiim Irom which 
thoriiim-X had hi in sijiaralid riLMiind ds lull aeli\d\' wdhm a 
monlh, and lhal Ihe Ihormm-X W\ n<ail\ all dsaili\d\ dnrmL,Mhe 


same Imn 

^I'he aeeompaiiN iim diaLfram (I’lLi S) shows lln r.ih oi dieav ol 
caotiMl N of Ihonimi-X .ind I hi ral- ofr<eo\ir\ ol aeli\ii\ h\ (.dmosi) 
inaeti\'i Ihormm. It will hi ohsnv.d Ih.d lln em*' i s .o’l neipioeal, 
and that llu smn of the two .iili\dns i. m.mis eonsl.ml dniinir Ihe 
wdioletmie. 'rims m tin li'rnii lln sum amomds lo .diinil one hundred 
units, 'rius (‘xphnns wh\ Ihe aeli\d\ ol n.ilni.d Ihoinim is eonslant; 
it IS the nsiill ol two neiproeal pioe. ss. s, whiih loir, lln r m.imlain 
what v<\\\( d KidfiKK fuY ( timhlntHi'i 

11 may he n marked Ih.il Ih. enrMs.iu , ; //m/i ///mZ oi h,o,uitfnmc: 
they reiireseid a proei ss analoirons lo Ihd ol a lonlmnons mono- 
moieeular eheimcal ehaniri , the eh.mui al an\ msl.ml hi nm a eonslant 


fraelion of whal n mams lo he ehani^.d ,, , i 

When thoimm-X was lirsl m\ i si i-.d- il. and was Ihonirhl lo be 
prodiicid diriellv from Ihormm, il was lonnd lhal Ihe Ihormm did 
not become perfelh maeli\e Iin lln iimo\al ol lhormm-\. A 
“non-senarahle acliMtv " ri maun <1. consisliim ol y.-rass only, wlueli 
were ‘25 per cent, of ihe lolal 7 .-radialion 'lln cause ol this non- 
Scparahlc acliydv heeamc CMih nl lafr wlnn dismleeralnm pro- 
ducts interMinng between thor.ium and thorium-X wire hrou;r]d to 

obscrNation that Ihorium-X is .sjxadain ously r. ^reiicrated m 
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a thorium solution from which it has been separated led to the orif^ination 
of tlu‘ disiiiU uralion Iheorv of radioactivity. 

The Thorium Eimanation.- -A slnwt iiiiu’ previous to the \vc»rk on 
thonuin-X il uas ohst rv i d bv Owi ns ^ that tl\e radioaeliv il v ol tlioriuiu 
varies HI a luaniKr Iraeeabie lo lht‘ ]m)duelion of a radioactive Ljas 
which can be earned avvav bv curnnts of air. Such an observation 
was bound lo luodifv profoundly the ordinary view of the iialuri' of 
the (‘heiiiical aloiu. So loiii» as radioactivity appian d to be a eonslant 
propirly of an atom, and its nature remained imperfeetly undiTsLood, 



Faj S Jk'Cio (it aclivitv of thoiium-X and rcccnciv ot acluitv by llujiium 
(Kullicifoid Jind Soddy, Phil Mn<j , lOUJ. [vi , 4, ItTS ) 

it was possil)le to elmj][ to the belief in the unallerabilitv of the atom. 
But vvlun it was found that atoms of thorium s])ontaneously produce 
atoms of radioactive matter, which are gaseous, such beluf became 
untenable. 

Uutlurford - lir.st showid, b\ an electrical metliod, that m adtliiion 
to emitting: a- and [i-ra^s thorium eompounds im])art to the surrounding 
air the property of temporary radioactivity, which is relaiiu'd b\ the 
air for a short time after the removal of the thorium compound from 
its \ ieinity. This temporary radioactivity rapidly dmnnish('s, however. 
At th( end of a niinuti* it is reduced to a half, and at ilu* ind of ten 
minutes to one>thousandth its original intensity. Paper or thin melul- 

» Owens, Phil Matj . mi), lv|. 48 , 3G0. 

* llulherfoid, Phil May., lUOU, [vj, 49, 1 . 
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leal’ docs iiol j)rc\ciil ji Lhurnim coinpoiiml from imparl this properly 
to tlu' air. .111(1 col lon-wool and diliilc and conc( niralcd sulpluinc acid 
do iiol iiilcii'ii willi lilt aclioii , i)iil a tliin sluci of mica or oilier 
m.il(iial wliicli wiM slop llu p.issni^c ol a y.is. (iihitK jiriNcnU llic 
air m IIk ik Cilihourliooil of a llioimm coiiipoimd IxcoimiiLf i.uiioaclix c. 
TJicsc lads clt.iilx slio\v((| Ili;il lliormm < miK a i.idio.icl i\ ( L^as. 
Kill ill rioi (1 c.illul lliis i^.is il\( thorium emanation. H dillii^'is hUc 
aii\ ollur ^as ; il is clu mic.ilK iiuil and is Unit Ion allud lo the 
ar^^xni faniiK ol imsi s . il m.iv he i oiidi iis( d lo a li«|iiid in a liihi cooh d 
willi •li<|iiid :iii. siius i.idio.icin il\ is atnshd nndi i lliis In .iliiii lit 
and IS app.iri 111 a'^Min wIkii lin ( ooImil^ .ex nl isicmoxcd 'I’lic coiidcn- 
salflai h<Liin‘'al l‘J() (' and is(onipl(li ' .d I.*).') C 

Tile coi ilicii III ol' diiliision of Uk llioiinm i iiian.ilioii is 0 1. so llial 
Ili( ifas lias a ini'll molecular \niLilil, wliieii Ia IIk nn liiod ol' ( lliisioii 
lias lieeii show II lo lie hi t W( i n ‘200 ,md ‘210 “ 'I’lii i ni.in.il ion is di riM'd 
nol (iireelU Ironi lliormm Iml honi llioiinm-\ Ixc.iiisi* lliormm from 
w’liicli I Iiol mm-\ has In eii n mo\ i d has .dso losi I hi n h\ ils i m.in.il mi' 
jiowir, which il nir.mis as il ni'iiui.ihs lhormni-\ wilh ils acconi- 
jiaiiN iiij,' r.idioacl i\ il \ 

'rile llioimm em.inalion lias an mi\ar\mL( laU of di cay ujin stilled 
])y llu ( (ju.dion 

I >. 

1 . ' 

jii which h, is lh( imlial jicIimIn. 1, tin ,ieli\il\ alhi t seconds. £ lli(‘ 
base ol nalmal lo<raidhms ,ind > Ihi nnh>>n<h>f amsInKl lln dehr- 
nmiiiii' lac lor ol llu (haiii'i 'I his lonsl.ml npnsinls llu liai'lioii ol 

the whole which imdi li'oi s eh miri p* i sieoiul whilsl ds n eipioeal ^ 

niin soils III! .iN.iairi hie ( I llu adi\i in.dln ixpnssi'd m seconds. 
Tlu \ahi( ol ■/ loi llu Ihoiinm (lean.ilion w.n d'lirnmud lo he 
llu |)< 1 lod ol a\ ( la'ji hfi hi ini' Ihi s ,S7 si < omU \ i< ei nl \ .due is TS 01) 
stcoiuls, which eoins|onds lo a h.df-di c.i\ j inod ol a I ,>0 st conds.’* 
'riu ncoMiw ol ( ni.in.ilini' |.owi I hs llioimm lioni which Ihoniim-X 
has hi'i II iemo\((l is nj>nsinlid h\ Ihe v<ju,ilu)n 


and the ciir\(s ^ho\.mo llu d(ca\ ol Hu (in.iii.ition and llie above 
recoNiTVaieol llu s.mu cliaiaeh r as Ihosi du)Wn in r'l',' S 

The Active Deposit. Il '\as ohMiy d h\ M and Mine Ciirie.^^ 
in lN!)!h Ih.il i.idmm h.is tie |>oW( i ol “cMilini' or mdiieiii'' 
lemjioi.irx radioai I imI \ (»n llu airf.iei of nui'hhom irm^ bodies ; and 
a siimlai ohsmalioii wilh i.'jard lo ll.oiMim w.is nuidi indepi nth idly 
1)\ Knllurloid'’ 'rims Ihe whoh nihiioi Miilac( ol «i closi d \ esbd 
(onlaimn;^ <i radium or Ihoimm pnp.iralion luc'mie'. i.idio<ieli\ c ; 
hid if aireliclrie luld is cn.ihd insuh- Ihe Mssel .dl lie ladio.icliMly 
•may hi* coiici nliah d upon llie lu^aliM' theliode lh.it the txtilcd 

*' J'aitlH iIomI .iiul»S'>«ldv, /'/a/ Ivij, 5 , aol 

■ - J.(‘'lu\ Ctiiiifil }*»•! . l*dl. 153 , .52S 

‘ JMKiim Vhil J/./y , l5Ht, |mJ, 27, 720 
* HI ami Mnm Cuih*. ( nml , ls'.)l», 129, 711 
Kiithdloiil, yVa/ IllUO, Iv], 49, 1 lOl 
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fictivity is connected with the emanation is proved by the fact that 
a slieot of iniea, >\hieh screens off the emanahon, also prevents the 
prodiiehon of Ihe i xeitid aeluily. Indeed, il was found tliat the 
ainonnl of the (?nana(un) conveyed in a cm rent of the air and the 
dcirree of e \e-ilid ae‘(i\il\ |)re»dMee‘d are e|nanl ilalivelv I’llate el. Tt was 
fnrtheT e)bser\ t d by Hnlherfen-tl th.it Ihe aelixity i-xeile el on a ])latiniim 
wire' e'xposeel tei llie thorium emanalmn can be* elisseilvesl from tin* wire, 
anel se) be* olit.uiuel in se»lnlie)n. bv me*ans eif dilute eir eeinee'iitrate'd 
hyelreiehleine or snlpluirie* aeid. Thence it was eemelndeel that llie 
exeiteel aeli\ily is elue lei a eleposit eif raelieiaelix e* inaltir iieissessiiif; 
spi e-die eln inicjil propertie's, and eleTivul fremi the* emanation. This 
depe^sil IS (lu lefore sp(»ki n ofas the “ active* ele*pe)sil ’’ ; anel Ihe* tlKnmni 
emanahon is the* pare*nt eif the* active* depeisil, just as thorinni'X is tlie* 
parent e>f Ihe* enian.-itmn. The (*\eite*d aeti\il\ ilecavs, and re'covers 
its stren^][n^ throiiirh the* aj^ency eif llie* e*manalie)n, aeceirelmif ie) tlie 
same* priiu’iple's as timse* alr<‘ady referre‘d to; and the same e“e|natie)ns 
represe'iil Ihe curves of elecav and receivery. 

In IhOt tlie* fe>lle)\\m<( was the state of kneiwled^a* re^nirdmjj the 
radm.ictix ily eif Iheiriiim : 

Theiriiiin 

Thoriiiin-X 

I 

Thorium emanation 

I 

Active depeisit. 

Radiothorium and Mesothorium. -In fraelieinatinir a mixture of 
bremneles ironi Ihorianite, Ilalmd m disee)ve*re*el that iml eaily the 

radioae*li\ ily eif llie* hast soluble* frae'tions mcrease*d ein ae'eount eif the* 
radium wilhm them, but .ilsei that eif the ilmsl seilubh* fractions; anel 
subse*e|iu ntiv Ihis eib^erveT iseilate*el a lew milligrams of an mle'use'lv 
ael ive* siibslaiu'e \\lne*h pre)ehu*e d se*\ e*n himelri*el Iheinsanel I mu's as much 
llieinum e manalion {ler uml-time* as thorium itself. Similar eibserx alions 
were* made* bv Ibmis.n.*^ who workeel up ‘250 kileier.ims of the* mineral, 
and bv fractionating bS ijiams eif alkahn(*-e*arth carbonate's the'ncc 
obtanieel, eibserxed that aelnitv became ceincentrated both in the 
nieire anel the li*ss seiluble* frae*tions, le*avm^ the middle fraction less 
actixe.’ 'riu' nexv proeluct xva*-’ feamd to be at least one* himdre'd 
thousand times as aetixe as ilieirimn, and was called, on aeeeaml of 
its ujUmsiIv, radiothorium. The folleixving disinlci^rat lem series xvas 
propose*el by Ramsay : 

Inactive; thorumi > radiothorium — > thonum-X enianaliein, 

and thus a pixidnct inU*rme*dKite be*txxx*en theirimn and thorinm-X was 
Tccoernise*d, with chemical properties closely allied to those* of thriniim. 
It rcniaine-d uncertain, hoxvcxTr, xvhether Ihoniim xvas really tin* parent 
of raehotheirmm, eir xxhether another product intervened be'Lxveeii 
these txvo. 

* Ilahn, Zcit^rJi phytihaL Chnii , 1905, 51, 717. 

* I’.uiis.'iv, / ('hint lOlj.i, HI, 517. 

* St'c* ilsf) Hiiiin, Ii(f, l9er», 38, 3371 ; 1907, 40, 1402, 3301 ; Jnhrh. Rudwikt. /?icc- 
trofiik, tl)U»), [a], 233^; Kl8te;r unel tlcitol, Vky^xlal ZeHsch , 1900, 7, 115. 



TIIOIUUM AND riVS COMPOUNDS ;»)5 

In 19 ()(i Hl.inc ^ snccccdid in si pniMl Irinn nnlnuiry llioriiini 
coinpoiiiwls. i.'dintlioiiiim, c*()iii|);iral)l«‘ in ju‘li\il\ llic prodiicl 

ohLiiii' (1 hi>in llion.inih' ; and in lli< \ < ar ll.din linnii^dil 

I'oiw.'.i'd ( \ id« IK (' ol IIk iMsIiMci (iT an inailiM disndi <_nal loii piodiud 
ini< rin> di.d IxlNutn IlKtiiiini aial ladml lioi iiiin He lound llial liic 
iic‘li\il\ ol llioiiiitn ''ails, «■ j:,' IIk iidiah. pi(|>a!<d lioin I liorianilc. 
(liiniiiisiK s ini' liiri( \(ars. ii mains (onsl.ml lot '•ouk Iimk, and linn 
aKain men as( s , and (\plaiii*d IIk ncciii k im i I>\ siipposiii<> tlial in 
llic pr< j)aralM)n ol’ lliurinm mlr.dc Ir.nn llinii.indi an «\isli,i^ inUr- 
imdial'' piodnci, whu'li li* calli d mesothoi'ium, i I' I’l lx limd, so llial 
a p ( \isls Ixlwttii ilioiniin and radio! Iioi mm and lii.il llic (tpial 
In.'S (»l |ia iialion .md di ca\ ol maclixt im ollioimni arc cnalcr 
111. ill ilio'.i hiiK < ol 1 ,‘diol li. ti Him ll<n(> lix ihok lapid dic.iN ol 
(Msliii'^r radiol lioi'iiini in Mk ini'i.d aiis'iut ol m .<>lnoiinm h .ids lo .1 
diniinnlioii ol a(li\ii\, lollo\\>d <d liii^ili l)\ .111 iiKiiasi wian llic 
.i('('nninl.il loll ol li.sli .md inon slowh loini'd nn sol lioi mm «ri\(s 
rise lo ,i 1. n- IK i.d ion ol i.i.liol lioi mm ll.ilm - conlii nn d lliis conclu- 
sion l)V ( Inmn.il iiiif lliormm, .md llms ol»l.imnc| .m iii.h’Iinc prodnci 
(mcsol lK»rmin), wincli .ilhr a lapsi ol Iiiik dt \ lojicil ilu ai‘li\il\ ol 

r. uliolliornnn .SnI) .Mpa iil l\ ' Hu s.inn ohstiMi >,lalid IIk (li.iiii,Ks 
(akimj plac( IxInmmi (liormm .md III- im.iicilion lo lx* ,is lollows • 

'riiorinm (y-r.p s) * nn sol lioi mm ( s) - i.idml lioi mm (7.-ra\ s) 

llioiinm-\ (y-ia\si 1 m.'ii dion 

1 1 \\ ill he i« m< mix 1 « d I li.il pt 1 C( nl ol I Ik* lol.d y.-ia'li.d ion ol 
n.ilni il lliorinm it m. mud oii'/m.dl\ .ilhr Ilu itiino.il ol lliniinm-X. 
'rins ' iKrti .t paiahli .icli\il\ w.is siiIim (pn iil 1 \ llmiii'lil lo lx lon^^ 
lo ladiol lioi mm lliormm list II lx mii i.i\ N ss. Mh nlion innsl Hit n lore 
h( drawn lo IIk l.ic' ilial lli. Ilitiimm ,dt»m is now ^llown lo 1 mil 
y-r.iN s III ils di mit «'ialioii 

In I'Xl.s .1 iniili. 1 s|t p W.IS l.iht 11 h\ M.iim ‘ m I Ik 1 1 co'^nil ion of .1 
shtiii Ii\id pitidiul >>tlw((ii iiKsollioimm .iikI i.kIioI liormm. H\ 
adding .'imnioni.i lo a nn .ollioimm solnlitni li'td Irttiii 1 adiol iioi mm 
and coiii.imin'i a hill' /iicttnmm '-.ill, 11. dm ohlaiind a pitcipil.de 
poss. ssiiin a [i-i.idi.il loll winch dtca\<<l lo /tit. m ,1 h w honis, .md a 
lilhiU, wl.iih w.ii .d liisl macliM, hnl di\(lop«d Vr.i\s wilh IIk 

s. iiiK ptiitxl .1 > Ih.d .d which Hk [■'^-i.i’vsol IIk pncipilahd li.iclion 

dcca\( d. .S«' il w.i' < <»ii( hid. d Ih.d iIk m> sollmiinm h.id ht 1 n st par.dcd 
h\ (Ik <inmioni.i mn» Iwo ( oiisl il in nl > whnh \u o .n liisl c.dhd 
lln)}nu)\-\ and .mil lln taili. i ol which w.is i.i\l-''S while 

Ihc l.ihr pio'liKi timlltd Vi.i\s Tin pdnxl ol hall-di.ini^n- ol 
1 lioi ni n I - ‘J w . . I si n I i.d ' (I I o h( (> - hours , lln ha 1 1 - p. i n id t »1 1 .n I ml lioi mm 
is7;jrdi\s 01 almosl i\.icll\ Iwt. \(.iis’*, wild . I Ih.d til lhormm-1 is 
c.ilcnl.ihd lo he .7 .» \(.iis'’ 'I'ln lollowmu scln nu now upnsinls Ihc 
s< ri< s ol ( h.iicn s lx I W( « Il llioimm .md lln cin.malion 

' \'\\\v\ / ‘Inf /.//'.//. I aOh, 7 , (.J«i , n/. /i ArnnI / o/co, 1{H)7, [' k l 6 | 

• - II ihn,’ Hi I , I'm: ^o, 1 H.J 
‘ li.ilin Hi) * I'liiT, ]0, ; HU ^ 

* II ilm. I’lm iLil / It ih , I'lMs 9 , J1 , .md Jli, 

■ IJImf. Id//.' I..././ /.rmo. iMiiT. I\ ' i6, 1 -I'M , , . „ 

Mt(t.\ .iritl llttss, J hint (’/mil .''t" , 29, JTO'l , ll.ilm, /V///si/.x/ Aiihrh , 

l‘)(l.S. 9, .‘{'IJ 
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;j 06 CARBON AND ITS AT.LIES 

iiK'sotlujtiuin 

' llioiMiiiii-l (r.ivlrss) - ► llu)rinin-‘J ( 

,1 / V — - llioiiiiin-X (a-i'jn --- ( iiiiiii.il ion 

I hoi iiiin-.i (7.-ra\ s) ' 

2 . \ I'.u ^ 

'I'Ik (( nils I lion I in 1 - 1 . ( linniiin-‘J, iiiui lliunniu-;J li:i\ o iiol In i ii rcliiiin d, 
lliosc 111 |)i( sell! iisr in imr ns|)(‘cli\ (Iv mesothorium->l,mesothorium*'2, 
and radiothorium. 

'r]i(‘ (ol.il 7 -ao(i\il\ of llioriiini in < (|Uihi>nnni \mIIi all ds piodiiids 
is iii.id(‘ U|) of 11 |)( 1 ((III diu io tlioiiiiin ilsill. ‘JO |)< r (uil. due lo 
r.idiol Imniiiii, .iiid 00 juv (’(nl. diir lo llunimn-X .ind siib.siijiK iiL 
prodiK'l s. 

'I'liis (■oiii|)l( l(‘s lli(‘ s( ri( s of lliormin disiiiU or.'l loii pmilncls as 
far as lli< i iii.iiMlioii. 

Investigation of the Thorium Active Deposit. 'I’lu* *’ adiv i d( posil 
di VIM d In 111 I I Ik I horn in i < man d ion nnih ri^oi s cluinm . .ind I Ik i \cil I’d 
.K'lnilv” IS Uk Vi snil of Mils cli.inm 'I’liis i\(ihd ,kIi\i 1\. whin 
( ansi (1 l)\ /Ki/KixpoMivi ol .1 l)od\ lo lln i ni.inal loii. d(»MNs ixjioiKii- 
lialK wilh a half-pi nod of ahoni 1 1< m'Ii lioiiis IiIiIIk iMnrd ' in. id'* tin 
n in.irhalili’ ohst r\ al ion, howiMV, Ih.d lln ,k‘Ii\iI\ ol lln di posil 
ohlaiiK (1 I)\ .1 s//K// < xposiiro men asi d fm si \ < v.d lioni In lovi di e.iN mii, 
lull lli.il lln lonir»rlh< exposure I he shoi U v w.is I Ik siihsi i pn nl pi nod 
of inerease h- lure di ea\ sel ni. IJnllKiford- (Xplannd I his pluiio- 
im non l)v snpposiiiii 1 hal Mii adiM d< posil (oiimsUoI I wo snhsl.niei s, 
Ihoiimn-.t and Ihonuin-li. 'riionnm-A w.is Ihoiejlil io he i.i\li^s ni 
ils eh.inee inlo I horinm-B. whilsl lhorinin-I» w.i . snpposid lo unil all 
I hn e kinds ol r.ivs m eh.iii'^niK^ inlo .i fin I Ik r, a lino >l in.iel i\ e, pi odni I , 
Ihonuin-V. O'liiis lln ol-siVMd aeli\il\ ol Ihi di posil ^\a■^ dm lo 
Mionnm-B, llie (hMlopimnl ol ,ieli\il\ allir slmrl i \p» snre was due 
to Mil* iiiniralion of aeliM Ihorinin-B lioin niaeliM lhi)rinin-\; and 
11 k‘ shorlni '.s of Ihe pi nod of men .iseln fon di e,i\ alh r lonei r i \po^nre 
was dm lo Ihe laliins', in Ihi life liislovx ol lhorinni-l» al wliieh lln 
ohsi r\ al ion ol' aeli\il\ was eominineid. 'rinsi- eonelnsions. Ihoneh 
n^lit III pnneipli , wire snhsi ipn nll\ niodilnd m dilail. lx e. nisi Ihe 
jirodnel al lirsi ealh d lhonnm-\ w;is diseoMiid to be nol Ihe liinl 
niembi r of the aeli\e di jiosil. Ik n Ihis in w im mix r was disen\ i n d 
il lx eanie Ihorinm-A, Ihe forimr Ihorinm-V lx iik' eallid i lioi iniii-B. 
and so on. I'’nilhir pros' n ss was .leliiiMil Ihromdi lln imasiininenl 
of lorn’s;! I ion r.ans^e. i.v Ihe dislaiiee lln a-rav laii piiiilr.ile a s^.is 
as re\(:iled b\ lln loiiisalion of llie s^.is. Ilahn .ipphid this imlliod 
of invi si iir.il ion lo Ihe Ihoriimi ;ieli\e dijiosil, and obsiiwid Mi.il hio 
t\pes of y.-radialion are miillid by llie dijiosil, whosi r.ins^t s wtri 
said lo be S li ein and 1-7 em. : so he conelndid lhal llie nidi.il ions 
are din\id from Iw'o sneei ssne ])rodn(*ls, Ihonimi-li and lliorinm-C. 
Whieh was Ihe prior radialion, liowe\er, was nol diseoMnd, and it 
apjieared lhal ihe chanire of Ihonnm-R inlo Ihormm-C ninsl be mi\ 
ra])id. since the Iwo lypes ahvavs occur Hut in lh(‘ .sanu* ril.dnc 

‘ llMlIinfui.l 3, Vlul J/m/ , h d, 5, . 

' Kudu I I'lnl I'l il , I ao I, A, 204, l()t) 

■ ll.ilm, rinl M.n,, niUC' [w], II, 7')J 12 , S2 


'rhonimi (7.-r;i\ s) 
ladiol hoi mm 



TIIOini’M AM) ITS C'OMPOrXDS ;i()7 

proporl Kuis In llu‘ siinu M.ir dial llicsc rcsnlK \\( rc nblaiiK <1 { l!M)n) 
\()ii L< rcli ' sl.ilrd llial (lioi mm- \, rorimih n raided as r.i\ Ii ss iimis 
a '.m.ill anioiinl nf y i .i<lia( mn oi pt m I i.d im* < li • i ai I > i . 'i In ^ (oiulii- 
sioii. Ii()\\( \ ( r .ip|)i ai s :n»l l<»Iia\. I) cn iiiai-'l im< d, li>r m I'ld'.i i| was 
1\ (‘o^iiisc (1 dial I Ih ‘1 aim- \ ( liall-p» 1 kkI In (i Iimmi i "|\ < s im y jiai I u*li , 
l)iil dial IIk piodiK I I Ina mm - 1 > .iiid (‘ (li.dl-p‘ i lod (iO I mmiiU si 'jx c s 
h\() y.-pai 1 u li s ol' dill' |{ 111 1.1 mil . 

KuiIIki pit'Ldiss w.is madi lliimiuli liu mi indiicl loii ol a in w 
nulliodol m\ ( si i«ial inn * lln iin lln-fl nf h m/l \( i mdimj- In 1 In |)ini- 
cipK 'll ((|iialil\ III mniiiinlmn (Niulniis iliiid law ni mnlmn) d)(‘ 
(‘\])iil a- 111 nl an y.-pai I u li I'rniii .in .ilmii w illi .i is i lam \ < Ini il \ 1 1 siill s 
111 till I'l (‘nil n| I In I ( mamim^ pni I mil nl I In .ilnm wil li .i \ i lot il \ ii l.ih d 
lollial nl Mil /. I Ml I icli inximiK as lin iil.ilmnnl Iwnmas^ > 'I'liis 
xiincilx ('niili I's a nas( ( ni \nlalilit\ iipnii tin aliimu’ iisnlni .iinl 
adNaiil.iiii Is lakiii n| llns xnlaliliix In isnlaii a |iiiidin‘l tlialwnnld 
ollnrwisi (snapi imliri 'I'liis nnllmd .ippin d In lln llinimm .irlixi 
di posil \ ii Idi (I .1 in w piniliicl 'caliid dinimm-h, wlinii •il\(^nlll^ ['j 
and Y i.ixs ,iinl dii.ixs i xpnm nl lallx xxiili .i liall piiind islimalid In 
In I iiiimilcs 'l'iiniiiim-l) is lln l.isl knnxxn iin min i nl lln si ins, 
bill iiiillni disinxiriis willi i« 'rare! In lln mliixinim; pindinl> liaxi- 
X I ( Inin i( ( null d 

1 1 lias alii .idx In I n stall d I lial .inni In I pindm I lias In i n disenx i ii d 
Inlxxicii lln iiiiaiiaiinn <iiid xxlial xxas Icinnilx (.dlid llniiiiim-\ 
drniisnii ' 111 IMO.s nbl.iiin d i X iik in*! llial .ill alnm n| tin llmriiim 
(hianalinn pmbablx i miU. m .ill. Imii y-p.iilnlis aial i Ills (‘niicliisinn 
XX.ls cniilll nil d b\ (ii I'ii 1 .111(1 ^laisdi II ■ III I'd 0 x\ lin nlisi I X I d I In srinl il 
I. limns pindinul bx lln imi».i(‘l nl lln p.iilnl upon .i /iin‘-siilpliidi 
sen I II, <iii(*l eniieliidid lli.il tin Ini.i /p.nink-. xx.i iinl i \pi lli d 
simiill.iin oiisix ^Iniinxii niiiiMinii. (. 1.1 ni dmibli si ml dial mils 
M p.ii.di d bx <1 \ I 1 X dim I 1 1 IIK ml i x <il x\i 1 1 nb < i ' . d m ^imilai p ii I . 

ol tin in Id . .Iinl linin' lln enl!«‘ln^mn xx.i . di.ixMi liial .il N .is| nin 

slmrl-lix ( (I pindin 1 » \isl •, w il li .i I .ill-l mn |n i md n| o I I >«( ( nml d'In 

siib|(el xx.is liiillnr mx<'sli".ibd bx IJnllnil'id ,md (nini'* xxlio 
slinxxid lli.d il a rod (o.ihd willi /me siilplink is mmniMd m lln 
dioriiim ( m.iii.d mn .md eli.iiii'd ?ni'.dix«l\ d "Inxxs m lln d.iik. bid 
dial lln Ldou siiddi idx di' s oiil xxinn lln n-d is di .( Ii.ii .it d 'i'liis 
is l.iki II III slmxx dull a posilixtlx eluii'itd jiinthnl nl dn llmiiiim 
(111. III. limit (Mils xxlinli is .dli.icbd lo lln in".di\< tl'ilindt .md 

linn Ineniin > xisibk In (aiisim^ /me sulplink h* pimsplmn et For 

lln udoxx lo eonlimn, Imxxixd. lln .dlnnlmn iiiml In eniilmimiis 
Ine.nisi lln piodinl list 11 is x t rx slmil-lix(d 

'rin i.ijinl di e.ix ol Ihisprndii.l w.i > .iKn slmxx ii b\ p.n'iin^ .i in ifa- 
lix(lx eliariiid i ndk ^s xxin ,i\i illx llnmiidi ,i eximdtr cIom d xxilli 
])ni((d ( bniiih sloppiis and eoiii.imiiiLi lln ilmiimii ( m.iii.il mn, 
and di IX iiiir I In xxin bx nnaiisol .i nmlor 'I'ln .nlixilx -m llie xxiie. 
examined bx' nn.im ol .i /me siilpindt sen t n. xx.is nbsi i x t d lo di eav 
at a lillli disl.iiiee Imm Ilie ex Imdi r .md Ilie nmn slnwlx die wiie 
x^as drixxii tin slmrbr xxas dm disl.nni .ilnm^ il tliioiinli xxliicli llic 

' \i.ii I < e h y.J.ih IMIK. 7, 'd.J ^ 

“ .S(>ilil\, \ini Hf hill >'•’ I'ln'i, |i J|. 

' ll.'dm .intl M. Hilt r, /;./ /'t H fliu^ihil („>, I'Hi'i n, Th 
‘ Uimi I lu l‘/iil Mini , I'liis. j\il. 16, J'd 
(It lull .mil M.ni-iltii I’/ni'ilii! Ziil'-th iMlii ii, . 

' lint III 1 tciid .'iiiil ( a I I I t/i/i/ , iniiit I'll v, iiJi 



;j(,S CARBON AND ITS ALLIP:S 

arLi\ il y persisted. Th(‘ iHTiod of li;ilf-eliaii‘r(‘ of this short-lived j)ri)diict, 
now enIK d thorium-A, is 0-1 1 s(rond ; and the product itself is aiudoiroiis 
in propd-liis lo r.idmm-\. ;i slioi l-li\ (‘d, a-rav ^o\in_ir imxliiel whose 
cxisPiKs was (.'nix ohs( r\ d. It will lx n meinix rc d I lial the onL,nn,d 
Ihornim-A, h.ixinii a Ihdl’-ehani^t p(ri(xl of 10 (> hours, was lii(»!inji( 
to 1)( 'rills IS now thorium«B, and is known lo pnxhiei [-i-rays 

(»f l'((l)Ii‘ p( ni'lr.il niLi powir. 'I’lns thoiiinn-I> ni.i\ lx* separated from 
lliornnn-C l)\ taknijf adx.nilaije' of its snp< rmr xolalihly.^ 'riins. il’a 
wire, on winch is llu .ieli\e deposit is ke j)( ,d re il heat for a short 
time*. tln'Vimn-B siihhnies aiiel is deposileel em an adiaeent surface, 
'rile' (‘ons( (|ui nee e»l tins siihlimal leni is Ih.d whilst the ri‘ is no ininiediate 
e'lliel em Ih. aeti\il\ ot“ Ihe^ win*, this aetixity dee.iNS more ra|rtdly 
lh<in Ixloie. heeanse no lh<»rmni-B remains upon the' wire' to |)rodnce 
Iheirimn-C. tin* store of which is llie* sooner (\h;insled. 'I’lie snhlmiate 
which at Inst appe.ers nuiclixe* de\elops an a<*ti\il\ which re-aches a 
nia\mimn in Idnr hours, and then eieeaxs with a halt-pe-riexl of 10 0 
hours . this pio\e s it to lx- lhe»rmm-B. 

'fluis l.'v tile- ehu*idalioii ol th<‘ nature- of the Ihorinm aeli\e de]X)sit 
has Melded tile- tolleiw ini^Ma suit 


iMiianation (7.-ra\s) - thoimm-A (7.-ra\s) — ► 1 hoi mni-B (soft 

[i-r.us) ^ then-mm-C. 


Thorium-C and Branching Disintegration. When the- thorium 
aetl\e elejiiisit is disseiKed 111 .leid. the>rmm-(' can he re-mo\ed freilil 
the- se)hilion hs adsenpliem with amimd ehaie-eial eir h\ shakinif the 
solid ion with tine 1\ di\ id' d iiieke I. the»riimi-l> re maimnii m I lie- solid ion. 
Or if tile- aetiNc deposit upon a wire- is tie ate d lor a lew' mmnle-s lo 
1000 C all the lhorinni-l> is \ e)lal ilise d, leaMiig some theirmm-t' upon 
the- wire 

If Iheninm C is reii-irehel as a single- snhstaiiee- d appears lo emit 
V.-, [j-, and J hnl ^ll' 4 ht ditfelences haxe- he e-n ohse l \ e d m llie- 

(pialdies of e aeh kind of ra\ . Tims on closer e \aminal ion lhe)rmni-(* 
appears te; ( nid two kinds ol 7 .-im\s, and the- me>re‘ pe lie Iratni}^ part ol“ 
the- [i-r,i\s, hell no y-raxs, which come- treim a snhse e|iie-nl pieidiict. 
lhormm-1). Se) at the outset Iheie- is e \ leie ncc of cemiple \d\ in the 
case of I hoi inni-C. 

'file /-p.irlicl's emilteel h\ lhe»rnim-C are- of twei el'i;rees of jx ne - 
Ir.ihmf jeeiw'r, I Inis it .ippears tei mider'ie» diutl (h^ntlrifniluni. Keir 
CM rv too 7 -().irt le-le-s '.;iM ii )»\ the- tlioiiiim ( iiMiial ie)ii lhe)rinni-C 
prexince s, ehrectK eer indiieclK, .'»,■> e)| 1 oA em Miij^e- .met (m ol S 10 cm. 
ranine - 

'I’lieenmn-C w.is at lirsi Iheeiiiiht le> he- liomo'^ lu oiis, \ e t d he haves as 
if d consiste d ed two kinds eel mailer, which h.i\e- heeii s 1 \ |i el Ihenmin-C, 
anel lhe»rinni-( , for ils alenns elisnde errate * in Iwei elislincl wavs. 
If the»iiimi-C M hennoire neons the- fe)lle)Wiiig re lalieiiis heild : 'flu- periexl 


ol average- life-, of tlmrmm-C is 70 nimnles; hut X - Xj } X_, where 

> IS llie- raelie)a( liv i- coiislaiiL of Ihoriniii-C, and Xj .met X^ are- tlic 
ce»iT' spexieliii'^ coii>l:iidsof t hornmi-C,and theirinm-Co re-s[)e-cliv e-ly : and, 
accoreimg lo llie rale-s at which a-parliclc^ are- e-volved, Xj/X^ -- ; 


I Mis. MateM. rinl Mwf , 15)0.5, [mI, 9, (528 
Si»eiil\, \)})i Il< fiofl ('hmi tS'of , IMIJ, p 812 
^ Mansili ii .11x1 Diiiuin, 1*hh Htff Sut , 1912, A, 87, 17 



TIIOHIUM AND ITS rOMPOnXOS 

nlso llic I'lMclioii . (lismh 'H mIi s accdrdm^ lo lh(' 

-i- A> 

llioniiin-('i and Ihc rrachoii “ aciMnliiiT lo (Ik 

A, . / . 


imlliod ol' 
ill! Hind of 


tlionimi-(’, FuiIIkm*, siikm* 7!l miimh .md ' 

1 ^ ^ ^ ■ I . 

il f<illn\\s lli.il . ii'J.-) 7 immiUsai'd l‘JI .7 mmiilcs. 01 

A, / . 

Hu* Siipposcil liniilo‘ 4 ( IK oils aln'iis nl Ilinlimii-C. .‘Jo \n re* III 1 1 Imi iilin-(',) 
|)n)dii('<‘ ( .K‘li a siMui. |>ailK‘l< in IIkii d'aiil "i.ilmn. .iiid ilu ir- 
ni.iinin<r <>,7 [x r (-(nl. (I linnnni-(\) < .icli .i nioh ^^-p.ii ( i(‘l( . iiii.i('<'nin- 
p.miid l)\ a 'Idin-,. wliilt ||K»nnin-( , |i!ndiuis diri<’ll\ .‘(.7 

ptriKiil of (Ik 7-p.M ( u i( s nl' laiiL^i I .>.7 <‘iii diiixid hoiii I Imi iiiiu (', 
and so p.issi s min i Imi miii-l), llKHiiim-(\ <|n. s iml <1 iim‘I|\ pindias 
aii\ y.-|).ii*l icli lull wliiUl ils. li pindiK iml; [i-pailnlts l;i\(s rise In 
a siinil-ll\(d (10 " sti'niid)' pindm I d(si<<nal<d (iiniiiimC , \\1 kIi>‘< 
llu“ .i!)o\ I -iiK 111 mill d 7-piilifl s nl laii-n s h; cm (lie pi i n iil ) ai< 
c\ol\id. 'Lliisi ii lal imisliip-. ail show ii m I In lnllii\\ iic; dia",iaiii . 



IL is thus shown lhal all Ilu- prodncMl in Mu dismlrun ifioii nl 

lh(“ acliM* lliniiiim ihposil com Imni (liniiiim I) I li sc ia\ . .iic 
the* liardi si nr nm>l pi lu 1 i.il im^' Knnwn. Iml Hu [-.i.ins wIikIi accniii- 
paii\ Ihciii an K ss pi m lial iin^r Ilian Ihnsc din\i<l liniii I lini mni-(\, 
which nia\ he ili sci ilu d as hard 'Flu niixid [-iiaNs limn llmnimi 1 ) 
and (hoiiimi-C, arc hall ahsuihid in 0 II nmi nl .iliinimiuni Iml. Hu 
soL'h r 'i-ra\ s limn I Imi iiini-l ) in 0 OJ min , .md Hu liaidi i Vra\ s limn 
th(;riiim-C'o in 0 hs mm (c.ilciilah d) 

ll ma\ he riiiiaikid dial in mu hiaiuh d'liMil Imm I hormni-C 
[ 3 -(wiHi Y") iu\s Inllnw y.-ia>s. .md m Hie nllu i hiMiu'li [i (w ll lioiil Y") 
va) s picccdc 7 .-ra\ s. 

This IS Hu liisl known cx.imph nl* piiulialmi; ^:iia\s, nnacemn- 
panicd hv Y-•''>^^ 

Aironlin<^ lo Miiliur,- howc\ir, 'hniimil' is nol honmi^a neons, 
^ 'J’Jiis i‘\l '■.IMI lUnaiilv ’liMit j>t r ll 11^ (it .iM I .i'i< life i-. fsili iil it ' <1 fio'ii tin i.iii'ji fS Kiciii) 

by means of llie (Jiipi Nutl.ill nl.iliMu (C. ej'i i.ul .Null ill, /’//' l/n-/ . I'OI. [m], 22, 

019; 1912,23, 1:19, 24 , 0 i 7 ), wliii ll st.itm tli.il the slnnlu tin p. in.d tin* cn.ilei the 
vcloeitv of the expelled ii-p.iilii le 

* Meitner, Vhy^ikaL Ztitsch , 1912 , 13, 029 , see aUo \oii Il. \e-.\, /Va/ !/«;/, 1912 , 
[vi], 23, 028 . 



;no ( AlinON AND ITS ALLIES 


hut consists of h\o KiikI-s of ulonis iinuliicmif two kinds o! a-r.idi;itioii. 
'Hu- ( \ idcncc lor llns \uw is in tin* liiot tliid when nickel pliiUs arc 
ininnisMl in a soliilion of Iliuiniin-C containing slannons (‘liloridc the' 
(k'posil consists of llic Ga pt r cuil portion, the ollai portion hciUiT left 
in solution. Allhonifh llusi- iisulls wive criticised,' it li.is heen shown 
by liair.ill and Wood - (liat Ihoiinm-E consists of two const iLiicnls 
winch in.iN he s» p.ir.il< d 1)\ l.dvin^ .id\ .ml. i^c of their dill'i rent decrees 
of \ol<ililil\ . 

W ill n till tliormin aclixc di posit on plaliniiin or (pi.irt/. pl ites is 
la.did for lilhfii ininnhs in .m ihclnc fnrn.ici whose teinjx i.il nre is 
e.irelullv uunl.ihd. liii pi r cinl. poilion of Ihorniin-C Mixino'thc 
7-.ietiNil\ 1)1 Liins lo \ ol.it ilisi al T.’jG ’ (\, wlnli Ihi IT) per ei nl . portion 
hi conn s xol.ihli al '.MX) ('. This shows lli.d Ihoinim-C is not liomo- 
Ljeneons, as w.is pr<\ionsl\ siipposid. hut that tile conslitinnl in^ 
liisl 7.-r.i\s.md Ihui [■i-r.i\s is distinct Irom lluit whichirivis lirst Vi.i\s 
and linn 7.-mns. 

'l'horiiini-1) is M.I.itili .it .d)onl .‘iOO’’ . a lowir ti nipi r.ituri lli.in 

that .it which Ihornnn-C or its products ar< \olatil< 'I'lnrifore, it the 
pn p.ii.it ion Is lnat<d hitwiiii ,")(M) (’ .md tM)() (' so ,is to \ol.itilisc 

lhorniiii-1) with its ch.iiacli risl ic p-i, idi.it ion. [^^-r.ixs hi'^in to .ipp'.ir 
alli r cooliii'j. owinu to tin n .iccnmiil.il nm ot t horniin-I ), dii i\ i d lioni 
thoinini-(' winch w.is not \ol.itihsid. Hnl if tin pn p.ir.il ion isln.ited 
aho\e !)00 C , so .is to xokitilise lhorinni-(’. no sonrei of llioiniin-l) 
riinains. .md so its [•i-radi.it ion doi s not n.ipju.ir 

In ordir to ixpnss tin si. nsiilts the disinleorat ion sein me has 
heen niodilied .is tollows : 


p (soft) 

I 

E 


P 

I 




10 (i Ill’s. GO.’tnims (^- 
('.(.1 .ii 7“.() (’ ) {\*'I n MHO (' ) ‘‘‘ 0 / 


7. \ “i 0 (“•' 1 .■>.’>) cm. I 

; ^pandY 

A y. - - I) - ► ? 

I nun 07 nun 

(\(.i ii 7:)0 (' ) [\>A ,i\ r)0i) r ) 

|.s G ('' .s It,) cm. I 

’L, - r'i 

Itr" sec. 


Thoimm-(’ (or Vi) of h.di-clianj^O’ pi nod GO .’I mmiilis (mstiad ol 
7J) miniiti s) is now snpposid to hianch, i^ixmi^ list* to two piodiicls, 
llir Inst ol winch, (’7, with halt-chan jj;i jnriodol about I minute (calcn- 
lahd Irom tin (h i^i r-Nnt tall nl.ilionk has not pn \ lonsK Ineii^neou- 

nisid It is 1 his whieli was \ ol.itihsi (1 III llio ( l( ctrie Inrnaci* al < .>0 (. 

and IS tin p.ireiit of (hornim-I). 

In tin otinr hi. inch tlie on.<>mal l\ disapjiears, siiiei its p-iM\s are 
^rivcn oft h\ .md tin fornn r (" is promoted to tin |)lace ol (\,. It 

will h( ohsiiwid lh.it and C'y. .ire so callid lucansi tlicN ^M\e rise to 

p- and 7 .-r.i\ ^ n ->pi cl i\ 1 1\ . 

Thorium^D, wincli ninlir ordmarv conditions hioiiis to \ol.ililisc 
al .V_^0 I', i> .illired h\ tnalmcnt withjivdrochloric acid, so th.it it 
hcoin^ Lo \ ol.ililisi- at *J70 C'. and is complcli l\ \ ol.it ilisi d below otM)' ('. 
It IS more soluble in acids and more \olatile than an\ other Ihorinm 

‘ M.iisili n .mil Wil’ini, /’/m/ t/m/ , lOl’J, |\i], 26, I).)l 
- Baiialt .ui'l Wo'ul, /‘ffn S(i( , I'll I, 26, -4S 





TIIOKII M AM) rr.s COMl’Oi \1)S .‘Ml 

])i'()(ln(‘l sA .111(1 is coiiipKliK \ (‘I.ihlisi (I 1»\ lit.iliii'ji .1 "ii‘ ‘>11 wliicli 

il is (l(|Kisil((l lor .‘50 sicoiids iii (hr I5iiii-.' n II.iiih ll li.is .i li.ill 

clumifc |)i nod ol .*) 07 monoMi.i: i.lli< h ' ' now n nii mix i 

()!' I lu S( 1 ll s .111(1 ll s (ll (M\ .11 1 lo 1)« ( ' III ’ * i ! I' 1 I'l lll-,MlO It l‘l)ll“ 

rcsidii.d :icli\il\ Jis lli<i IS m (In c.i oi i .diniii ll lln nil iiii.il i‘ 

[ivodiicl , soiiii I mil s U now 11 .i I lionnm T i . ", ii . nj n , I I dili . il mu si 
jiossi S'. .1 111 I -pi 1 lod ol ,il ll .isl 1 wo million \ i .11 . 

'Til' lin.il disii'l ■ 1 it loll piodiM I m iiolli lii.'iii In . • lioi'M hi isolo|)ic 

(iHk‘iHfi(i}\\\\\\\< id ind li.'\ 111' s.inii .iloiiiM \o I'di- *-'■•'1 I 

Si \ t i .ll ol ll' 1 1 ll. 1 1 1 ' I ■> < oinii i h d 1 1 ll I ll' I .id 1 * ' 11 1 1 1 1 \ o| I iioi n I III, 
iiftl includid 111 111' .iho\i liisloii-.il s|iid\. ni.i\ In i» !»' iioliiid 

Isuhipif HI lln 'I'lnninin .S',/,- '1 li> nl'.i ol isolop\ .iio^i lioni .i 

sliid\ ol I .I'lio.icl 1\ ' (‘li.iii'M ^ wiili r* III. lien lo lln T, imdic I .lU 
.,,1(1 iliiiiN h. Inn IK ^1. .III! Inn lli.d lln lo>.o|.in / p.n I 1. . w il h 
four mill s ol .i I onnc w - I'.dil . 1 1 .i " h i '> .m « I- nn nl h n*!^ in! o i h- pi . \ nms 
■p-oiip hill oin m lln |niiodn l.ihl' wlul I lln !> . o| >i,.ivln‘li 

willioiil .illii.ilioii of nloinn w< ndil (Miin. lln .1 i n nl oin sl.iir, 

lorw.inl iiilo lln in \l -lonpolllr hd.li * ( omm «|in m K h\ .mcissiv. 

lossi s of 7- .Hid '■i-p.iiln 1. . .1 (In ml. "i.diii" . I. nn nl in i\ p.i- h.mkw.iids 

mid loi’w.iid. Ilii'oin^di dill- n nl 'jonips ol lln p.iiodn* '.\ .h m II 
lliinli-u li.llow, lli.il lln i.nlio.inliM ilii.niil in iln (oiir-.. of ils 
liislorv will coini id' m posilioii wiUi \.iiioii • olln r . I. nn nl> o(ciip\iii^ 
wi 11-1. CO'. 111 ''. '1 plic' 111 lln svsi.m. .dllnni..|i ih .ilomn* wu-dil will 
„ol n,,i<r.di\ h. id.ni'i.d willi lli.il of lln . k nn iil willi w liu li il < oin- 
cid.s'^ M. minis Nilinh I hii ' occ iip\ lln ii.n pl.n . in lln p. i iodic ' 

l.ihlc .11. round lo h- . In niK dl\ non s. p.ir ihl< .mdid.iiln.d .iinl nn 
s.iid lo 1?. . 111.1 lo (onslilnh .i 'ironp ol • 

'rin isolo|>. s ol I In llioimm di'.inh "1 d.oii piodn. h. .11' .is lollow ; 
ll„' IJom.in nimni’il' iinln.ii. lln | . i n-dic m’oiip h. w Inch I In isolop.s 
hi l.-'ii^ 


W A 

II A 

III \ 

IV A 

11 \ 
() 

VI r. 
IV 15 


'I'hoiinm M iM»lopic wilh m.innim-X. loiiinm, i .diol lioi mm, 

i.idio n I innini , 

Misollioimml I. isolopn willi Ihoiinm \ iclniinm-\. 

Kidiitni ' 

\I, I. .!< I.MIII'I'. 

1 ".III II1..11111.1, 

i.idio.K I inniiii 

'1 l„,,iiim-:\ ». I olopn wilh mcM.lln.iimn-l .i(linnim-A 

r.idinm , . , 

'rii,,niim-. m.iiMlion is isolopic with i.idi.ini .nnl nclimnm 

cin.in.il loin. .. 

'll„„n,m-\ IS isolopic wilh i...hmn-\. poloimmi lln.imm-C .. 
Thoiinm r. IS iM.lopic willi i..dimii -15 .ich.iinm 1 * 1 idnim- 1 ), 
li.nl '■ 


' V,,M L(uli . 111.1 ^.'n W 


II . 


IM'I’I |ll, ,/], 118 , 


S',/ A I/.-/. II' » 

1(1, /,’o . I'll". '1J. 


I . I'll J) 

1 11 : 5 , 107 , 
i; 5 i, 1 . 51 ), 


^ MjIi lv\(.ll(l, . 

« I'lii k, /'/'oo ('Inin Sii 


I ll 5, lo^. 


- 1 . 1 "‘>J 



312 CAllBON AND ITS ALLIES 

V H. is isotopic with rndinni-C, jiciiiiiiiin-C, radium-E, 

l)isiniilli ’ 

HI B Thoriimi-I) is isolojuc with acliniiiin-I), tliallmm.* 

Sinc( all isut<ipu‘ ihnuiils au* (‘licmic.ilK nhailic.il, il, lulldws lhal, 
tlu‘ numlxT of new iliiiunls hioni^dU lo lii^Iil hv llu* sen nci* of ladio- 
actiMls IS f‘M\« r Ilian would ,i( liisl sn^lil appear 'riic m w tli minis 
in llir al)u\(' lis( .irr r.idinin, poloinnin, and ihc (inan.il inn. 'J'lic 
remark. )i)l(‘ coiiclnsnm lo lu* drawn iVom Ihese slndns is dial (lich'ic.il 
conli 111 and nnl mass di U i imm s (lie ])h\sii*al and clii mical projx'i I u s 
of an ell mint, sinre isolopes liave ddli rent atomic W( lipids bill idi nli(;al 
jirojurtics 

Tlir I*n')unutnm and LUihli/ of Mesotfaa ^am-^ . The isolnjiy of 
nu solhoimm-l with radium sniri,usts lhal ])ii jiiiialions ol’ the loiinir 
snhslanee may hi used as a snhshlnli* for radium pn paral ions. More- 
o\ir, enoimous (jiianhlus of Ihnrnnn nmua’als aii‘ now workul up m 
eoniu'ct ion wilh Iht' uas-manlli mdnslrx : and eoiisi hik'iiI 1\ nu so- 
thonnm-t, whieli is a by-piodnel ol’ I his indnstrx . has n ei n11\ assimu d 
eomnu read mijioilanee. '\li sol hoi inm -1 issep.iiatid liom I he I hoi inm 
deriM'd I'lom mona/ite sand b\ addinL; a small (|iian!il\ of a baimm 
compomul lo (he sand ]>i<\ions lo or diiiim^^ ils lii.dnunl wilh eon- 
eintmhd sulphiiru* aeid. Wlu n tlu* piodnel is pomed mio waler 
the wholi of llu nu solhoiiiini-1 is ohianu d, loi^i I lu i wilh barium snl- 
])liate, 111 the hi,dib r poi lion of llu residue, lx e.inse Ihis snbslanee, lx mu 
isotopic with ladiimi in (iioiip II A, (dims an e\e(idmt:l\ insoluble 
siilphali - 

Enillur, on aeeoiint of Ihe elu nne.il iduililv of nu sol»honiini-l 
witli radium, llu* ladimn separab d riom jiitelibli iidi and ollu i iirammn 
iniiu'ials III e< ssaiily conlains all llu nu solhoriimi in tiu' miiu lal ; and, 
coinirsilv, niesolhorinm piipaialions will conlain any ladiiim puseiil 
in tlu ir somei. 'riu* pnstnei* of mesolhoinim-1 in radium mav b(‘ 
dcteetid bv nieasnrin^ tlu* absorption (•(xllieunl I’oi v-iavs. since Ihe 
y-rays of niesolhormm-1 ha\e lalher I(‘ss peiielralmu powir lhan those 
of ladinm 

Aeeordinu lo Hahn ’ Ihe monazile sand fioin which nusolhoinim 
is prepared eoiilaiiis 0 3 jut einl. of niaiiinm, and !■ lo 5 per eint. 
thoria ; and ol' tlu- aeli\ilv of Ihe piejiaial ion 7.“» |Hr e<nl. 's due lo 
inesolhormm and pi r einl. lo ladnnn Misolhormm. howexer. is 
ehar.ieli 1 isi d bx a d«xilo]>in«{ aelixily which riaelus ns nia\mnim m 
3-2 }eais and tlun Ixems to dieav ; aflir lui xiars Ihis aehxilx is 
still erialer lhan when the snbslanee xxas liisl prip.ind, and al’lir 
txvenix X ( .11 s Is aboni half as at. When IVu d from inael ix e ni.ili rial 

the jirodiiel is four limes as aelixe as a pure radium eompoimd, and 

conlains 1 )x r cent, ol' nu sol hoi in m to 09 pi r cent, of i admin. It mav 
be seen, therefore, lhal :ilthonuh Jess jxrmaninl lhan radinni, meso- 
thoiinm pieparations an a xalnabli* siibstilnie for pure ladnim 
eompoiinds. 

The r<n}i])Jete senes oj thonuni disnde^udion ptcdaels is shown m the' 
aecompaiiMiij^ chart, in which the tinu s'ai i^ p a lods of .ivimmi^i hfi 

* I’’l« fk, Txin't (’him Sm , lul.'J, 103, .'isl, 10’»2 

^ »So<lilv, 7 'm/o (Virm Soi , 99, 7 J 

“ liusHfll ,Tnrl HikIiIv, Pfnl. J/'X/ , I'.oi, [\ij, 21, l.‘J 0 . 

* Hiihn. f'ltfm ZiU , 1011,35, «t.-| 

I’lTUjil i)£ .iveiivur lifi* --- pi'iioil of Imll-chango X 1 41 
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'riioiMiiii 

LM» ' 


Ml sol lidi Him- 1 

7 !) \ < .!is 


IV \ 

II A 



Ml sol lim mm-li . 

S !) lioiii s 

n,.@ 

• ;; 

li.idiol lim mm 

‘2 !)l M .IIS 

' 0 

1 


'I'lioimm-X 

21 (l,i\ s 

11 \ ( 1 l' 

\ y' 

■' ) 

I'llll, III. ll loll • 

7 <s (iM SI coIhIs 

oO 

, ) 

J’lioi mm- \ 

(» 20 S. c •011(1 

\ 1 1! 

1 

' 

'liioiium-I> 

l.l 1 lioiils 

IV 1! 

1 


'I'lioi imii-(’ ; 

<S7 111 1 111 1 1 1 s 

v„0 

• > 


C / \ 

ST 


'rill ii iiim-C , " ' ' 

10 “si coiid 

00 

00 

1 

0. 

Kiid. 

0 

0.. 



o 


'I’lionmn (\i 
I 1 1 miMiil ( (‘0 


'riiniium-D 

I .■) iiiimil I s 


Kiul. 



CHAPTKH VII 


GERMANIUM AND ITS COMPOUNDS 

Smii1)iiI, CIc. Atoimc well'll!. 7‘2 .> (O - 1<>) 

Occurrence. (Icrmmiiiin. is a raiv .In.i.-n! ocnmiiii' in vary IVw 
nnmMls i-li. <.ln, I' ol'llu s, ,s al I n ,1.. . il ' 

with wlncli uia/iWi/i'i’ IVnm Hj-ln m .MM-'-'''’ .i 

AVinkU r.' who Ins! lae.slmalul ..ii.uo.1.1- .nal ‘''Y"'' \ ^ " 

in il.allnlail.d In llw nnn.-i.il lla l.ainul.i .( .S l>n ' ' 

and Koll,u.U ' Ium- slu.wn that d is inoiv amn.deU Hpi'isudMl In 
the fmiimla I \y .S thsS,. ns Hm lollnwini' lii'inis show . 


Ar^^Vioditc 
CjuiIi' ldiU‘ 


IT 13 
1701 
IT 0(» 
ISLM 





r. ./m 


.Xir 

(jlo ; 

llii 

aii'l 

'Iiil.il 

1 


111 'tilin 


71. 7‘2 

0 03 

0 31 

0 SS 

00 0? 

7() 05 

0*55 


0 12 

100 00 

TO 52 

0 12 

1 


100 00 

73 50 

S 23 

1 

— 

' 100 00 


Gcrmamnin is also foiiiid iii Mc.iiniii hlfitdr. „a'! 

.I c n 1 11 , !■ c, n! also in .voaa/s/.dr, hiiiliiUtf. ji i^ic^'iitih . 

pa>.n.<l ..aJiadi.- I, n't ari-Modit. i.nun.s th. ..hat sonie... ol tin 

' Wovery.- -AVinld. ri nnalvscd arfiSToditc, lad his liisl aiialjlK'al 
still's. “S no to eailv OtJ-Ol IKi' innit. As in hr aiialoyons casi I 
Uv. nl . a, IKM. iiry was s.il.sr<,n.'idly accainl. d for n Hr '''r; 

<'<aii|i„. pridiclrd In inrans ol the l.ii.ali. Law. 

Th 

l„.l. 4fi, "'7.' s.V..!sa (!nl.h.lin,uU; Zol../, Ao, 1 

* . liias, 11 , sill, flora Zen'r I ''■« » 

" iHs.s. 21 , i:U 
4 II HI. z,„ir , ivi'i. II 1)77 

MViiois,s(i, 19, 210 .jl, 




GEliMAXirM AND ITS COMPOrXDS .‘115 

'riu' ])!■( (li(‘t( (1 and r(*alis(d ])r()|K i lies ol' ^ciin.miiim and ils coiii- 
])(»nnds ar(‘ lan' sliown skU hv sid<‘ : 


Ek vsii rcov. 

Alonne* \\i i^dd 72. 

DiiimLn .7 .■>. 

()vnh\ I'XO „ (li nsil \ 1 7 
(hlundr. Ks“CI,,li.|uid,r> V di^lillN 

l)( l<»u 100 C , d( nsil \ 1 0. 

J'!l/n,lr, Es(C,II.),. iKpnd, 11 V 100 

, d( nsil \ 0 00 

Fhinuflr, I'aI'',. iMil trasiiais 


(Jl'lMI \ \ Il'M 

Moline \\< li^Id 72 .7. 

I)t nsil \ .7 InO 

Oiiih, (;. O ., di iisil\ I 70:; 

Chhnnh . (ii ( 1 , ln|ind. \\ 1* SO ’ (’ , 
d< nsil \ ! S.s7 

C. i( hi\UH\, 15 I*. 1(50 

(' . sli^lil l\ lii^hl* 1 I li.ni u.ih I 
i'lnnmlt . l'',0!IjO. si)lid 


Preparation. Tin na Ld w.is pn p.iK d 1*\ W inkli r ’ lioin .iil:\ lodil, 
III IIk l.tll(n\iii'j n\.i\ 'riiiM p.iilsolllu fiiK l\ |)ond( n d iniiK i.il \\( i( 
liixd al .1 liii-dil i<<l iu.il willi p.ols «>l iH'l.issiiiiii nili.ih .md lliiee 
p.nK of polassinin (MilMiii.ih 'I’la alk.di i m.m.ih I Inis foi in* d was 
s(p.iMl(d honi lli< iial.dlie sil\ti l)\ »\li.ielion willi u.dd, and lli(‘ 
soluiion \s<is (Napoi.dcd willi snlpliniie a< id lill iiiliie iieid ei ased lo 
1,^ ,\<»l\dl M'lsl of lill i^iiniaiimni llaii sipaialid as din\idi , and 
ilie ri niaiiidt I w.is jiii eipilali d as siilpliidi , wliieli w.is loasled and 
eon\( il<<l liii.ilK inlo«*\i(k Iw Inalnniil u il li ml i le acid d’liis o\idc 
was riiillni piiiiliid 1)\ 111 m^ eoiiM il< d nilo IIk insoliihlt irdiiiani- 

lliioiid. Iv l'„. .md 111 . nee inlo siilpliid. , (.<S,, hs riision willi |)olasli 
and siilplni’i , lli<’ siilpliide w.is al’l. iw.iiil-. d. eumposi d I>n siilpliniu- aeid, 
and so iieouM il.d inlo o\id. Tin <.\nl« w a . 1 In n n dnei d 1»\ In.dinjr 
il Willi e.nlxMi .md 111. nsiilliimnnl.il .dhi In iii^r u.,sln d willi walir 
W.IS pmiind l»N liision willi hmaN. Tin nn t.d nia\ .iKo In ohl.iined 
rioni jiol.issmm i^.i m.milliionde. I»\ nduelnni m a sin am of 

li\di<nr,ii Ol Willi sodmm, m lli< dio\id. (.min ndiieidlix fiMlroecn 
,*i m.ieinsmm rih.iin, l51oiul. I, .md ()l»n doll Im\(‘ (Xli.ieli d .7 irr.ims 
of pine Lnini.minm fioin .7.70 kilourams ol .i Mi Me.m bli ndi 

Properties, (e ini.miiim is a lm.msU wliili, biillli. liishons bd 
winch ei\ slallisi s 111 lln n enl.ii s\slim, ilsdinsil\ al 20 (k is .> tOO, 
|| mills .d 0.7S .7 (’ .md winii saliiialed willi oxide al 

IjKi , ‘ Veeoidim^r lo \\ iiikli I Min hoilme-poinl of emn.mmin 

IS Mol irnieli ..bo\i Ils mriliiiL-poml , M. vu and Muiselim- ' 
ln\i round 111 Ik si-rn i.r \ol,ililil\ win n lln nn lal is iie.iled lo Mi.iO'l.. 

.01 .ilmosplnie of ludio-n n or mho-jrin, Iml m pnsmei ol some 
oxnk N.ipniii IS ohsiiMd horn 7.70 (' onw..ids ‘ d'ln spi eilie In at 

w.isloimdl.N Xilsonaiid IM li rsson Mo \ .ii n sonn wli.il willildiipi raliiic 
as follows . 


Teiiipeialnie (' 

Speeilie In al 
Aloniic li< .d 


0 100 0 211 

()07:;7 0 077:’. 

.7:51 a 70 


0 .‘50 1 .7 0 MO 

0 07 OS 0 07,77 

7 .7.7 .7 17 



I / nnll.t rh-w IssT, ^6, I " 

, I, .uni < iI'ImI.iII, ( M/n/i/ n ii'l 1‘Mn ly), l<) 

('hnn , I'M 1, 7?, 'IM 
./ pjfiU Chm , ISSl., 31. 177 
rr .uni Minsi lmi}f, Ihr . Iss 7 , 20, I'M 

... , I I .. . I . I / >/ 1 UliT T Si 7 



316 CAIJHOX AND ITS ALLIES 

Thi'inosl intt'Tisc lines in tlie spectrum of ^ennaninm are as follow ^ : 

Arc : (il LMmI ‘JS. i»Im1 ()!), lm; 01 to, ‘27()0-70, 27.') !■ (i‘), 30;jf) 22, 

;}2«)') 62 

Simrk: 2.‘i!)2 6.-), 2 (m 1 2I),26.->1 (li). 270‘Mi‘), 27 .j t-OS, :3()3!) 20, 1170 20. 

-1220 70. 

(J(rm;ninmi (lissol\(s in .n|n.i Ki^i.i, Iml not m hydrochloric acid, 
whilst (oN\.iids mine m( ul i[ htli.nes like Im, hemi; con\ « i li d mlo (he 
dioxide il IS oxidisul al hii^h Iciujk r.il un , and comhines diuclly 
with Ihe h.lloi^^ells. 

ATOMIC^ WKICUT OK (JKini WIUM 

Th(‘ ordi r of in.i'jnilnth^ of tin atomic wu'dil of Lrermaniiim h.is 
ncvcT !)(■( 11 III (|ii(slion, snic(‘ lx fore IIk* disco\<r\ ol this iikIjiI .i 
space wilh ,i (xm'k spoiidni^ alonne Wiii^hl was allot ltd to il l)\ Mi ii- 
delci fl III ins Kiiiodu* Tahhx “We nnisl e\p((‘l llie dis<'o\ii’N of 
main \(l imknowii el< im ills.*' said Mt mh lei II in ins FanuliUf Ijirlun' 
m LSSO; “ for (\ampi<. (hnnnis aiialo»,mns lo aimmminn ami silicon, 
wiiose aloniie weiahls would ix* lx I ween 0.5 and 7.7." " 'I’lie ilinienis 
re fern (1 lo are ijalliuin, (ia (.domic W(ii,dd - 00 0), and iri rm.iiiium, 
(i(' (atomic wdLiiil 72.7). Th.it tlie .domic wiielil ol i^^rm.'iiimm 
IS aixMit 72 is siiow 11 as follows. 'I'he sp(‘cdic he.iL ol I he iiu lal Ix 1 w'eiai 
0® C. and 1 10' ('. IS 0 0737 0 07.77, winch j^mv(‘s .in atoime In a I ol .7 31 - 
.7*17 if liie .‘domic Wilfrid is 72.7 'I’liis >;dne is furl in r snpporhd liy 
tile isomorplnsm * of pol.issnmi rinamllnoride, K ,(h I'',;, willi llie 
corn spondmir silieilhioi ide, K^SiK,,. 'I'lu' atomic wdiild of irermamnm 
W'jis del( rmim d by W mkh r •*’ in LS.SO, .ind no mon rec( id di b rmm.dion 
has iieeii m.ide. A Wfiirlnd ipiaidity of piirdied jri rmaminii lelni- 
chloride w.is adddi lo excess <»f stand. irdisul siUea* mirah' solidion, 
and tin* sil\d’ rdii,imni<r m solid ion .d'br pncipil.dion of llu chlornu' 
was lilraled witii ammonnnn tliKxw.niale solution, .ic(*ordmir lo 

Volliard's nutiiod. Vs lh(‘ mean of four closely airmimr nsuils, 
erermanmm h Ir.ieliloride. (h(’l|, was foiimi b) coid.im (>0 17.3 
])er cdd. of elilorme ; and from tins pd'cenl.iire tlx* atomic wi'iirld 
Gc 72 32 0 01,7 W.IS c.ilcnl.ildl on the liasis 11 1, () 1.7 00. 

Air 107 *00 'Tins \.diie w.is ncalcnl.ibd liy (’l.irke‘* m 1010 eni 

the Ixisis () 10 000. A^r .-107SS0 and ('I - 3.7 I.7S, so tlial 

Gc 72.701. 

'rii< Millie adopleil i)\ llie lute rnalion.d Vtoimc AVi iirlds Commit Ue 

for 1017 IS Ge 72 5. 

^ f'’\iii I .itid II.»seh<‘l\. 1 >u' SjuUkh (fit lUtmaiti fn i iKiitmbni thud (I,ii|>/i:' ,11x1 
WXMl, I'll I ) 

* Mi'nilcli’i IT, Tilin'! dll 'll S'lr . ISSll, 5S» 037 

" Nibun ,11x1 IMli'i-on, Zi,/^<h fifnhihil ('fiaii , 1SS7, I, S7 

* 'I'lic iiKiiiim lit IS |iif( i-.cl\ On* s.Miii .I" di.it ili'I'iili'l iiM'liM tit.inmni ]) ‘J37 

W’uikli I, ./ i>nif,i ('Imti , |s.s(», 34 , 177 

" (lirkc, I llnnl- iiliihiin iij t/i( AUniitt Sinilhsoiii.in IVillixluuis, W'jisImiyliiM, 

lUlU, \ul li\, \u .3, p 2.S(j 



(JKIIMANH'M A\I) ITS ((nrrouxDs 


COMPOUNDS OF GERMANIUM 

(^ I III.IIIIIIIM hll III 1)1 ll.i\ Ill‘^ i)(>l!l .Is .1 hlN.lii'lll .liul .1 

<Hi,‘i(li i \ .ill III I K m- iii I>i)l Ii o\mI( s (.4 ( ) .I'lil ( it n . . 1 . I: '111 I\ s(iliil»li 

III \\,iln loriiiiii'! I.iiiilh .1. Ill snliil 11 ) 11 lli'\ il . 1 ) ili^ >' !\ I in .iciils, 
hiiMonii III ) ()\\ - ills. 'I’hi siiljili.ili s ii ' w* II ! li* iw 11 .ikIMi'NI si iiiIiIi 
Ihnsi (il liM III lolliilli'i lli.DsilU Wllll .ill .ill 'Iill'iii'lt > ( .( I iii.iiiiimi 
I'l s( iiihli s siliidii III IniiiiiiiH ||i( Ii\(li.(|i (iill, .Hill Mil (‘lillirDlonii 

(i.JK'l, wliilsl lilt riiiiinli \ IliiDiiil' I* .<■! • I - imI»I* > I'dI.ismiiih silici- 
IlllDTldi . K 'I'll- I\li.ini III "I I III nil Hll 1 1 I l.l I I IlN I 

111 .KTS'lil ^\ ll II I III |H)s|i Mill Mil I li Mil 111 I'l I II|||. S .ll Mil 111 .III III Slll)- 

<^i<iii|) I \ i> III I 11' M< I ii)(in‘ ’r.ii*ii 

Till li’lliiw MIL Ml Mil I I)ni|)nlll|ils III L" I Ml lilllilil 



(.1 M 

Ci •' 

llMlndi 


: ‘di, 

I^lllndi HI 1 

1 li.i- 

1 

iMinI 


i i.i (C 1 1 ,) , 

Clllnrninl III 


M. IK 1 , 

il.didis 

C. I'. (..(1. 

( • > 1 , ( 1 1 ( 1 1 , ( 1 1 r> r 1 , 

(.1 1 , , II I’., 

()\\clll<,ll(h 


(..()( 1. 

()\idts 

<.. () 

l.t (» 

IldhuNulcs 

CilOlli.ni li(.i(MMI 

C.o oih.f KMll,!''; 

Siilphidi s 


(.. s . 


Germanium Hydride, (.<11, In Ii.imhm" .i ".i<'»ii li'di.i'< 'jii- 
n 1.1 1 1 Mini I'l l.il' ^ list II 1 1 ) SI 1 11 Dll .Hill Mu iu)ii-Mu I .il . I iMi I Mi.iii In Mu 
riicliils. 

M’liis (‘Dill I )HM I II I \\ I ' I ml nl 'I I nil 1 1 l>\ \\ imM' i , I ml \\ .is I ii -.1 | > 1 « | i.i 1 1 u 

hv \ ()( lu l< II ' l)N i< (Im( 111 ^ ^1 1 M I.I I nil III I I ill 'I u It \, iMi siiiliiini .iiii il",.iin, 

nr WiMi'm.IsC Ml IimIi...'. M -J. lit Ml ll.•slMM.l ImI. I 'I'llr llNlllnir. n, 
im\i(l Wllll '.jt 1 Mi.iMMiMi li'ihiilt liiMiis wiMi 11 l)lni li iid ll.inii .ind 
(IfMosils .1 Ill'll.)! on ,1 ('*ld siiM.in wImiI) i. -mImI.I. iiMndnini li\ pn- 
..|il(,ril. snlulh.,i Th, mIiI.mm..! I. I.. .III,!: 11 '. I'll.' Ilii<,ii!;li 

winch Mu ".1 1 |».is IS IS ltd in I i.in miim 1 - d .I’ld "i. < n I'l i. Il- » li d li'.'lil 

Wild! Mu -MS I, I'.isvd inin -^ll.M nill.di "Il'Ili.M ", IMMIiniin-sllMV 
IS imciiul.ilid. wliuli IS iniiMiltd n.ln -..iii'inu nvul. CiO liy 
concdill.ilul mini mcuI Ih Mu .in.d\ is nl M d i ."••l".'!i..l •*' "' h 

jis 1 )\ n.dsniu Mu li\-lnd. nv.rliiuK di\ulid iil|.li..i n. .i 'ii.-uj hi^ld 
iind cnnni.'iniir Mu .imniinU ol iri i m.ininm .iiid liMii-ddi uilplndc 
rnrnud. Mu discnMnr .dl.ii'plid In d.iid. hiKn'ii llu Inniml.c 
(;cll..((h‘,ll .ind Chll, 'il" .'n.iKlic.il r-snlls \,d' iml s.il isl.iclnry 
nwiiiS l()‘Mu sin.ill mimTinl nl mnl.ii.il jd.iil.d.l' hnl Mu ^ Millid d lo 
slum Mi.il till li\diuh Is \ d V prnh.diK 

Germanium Tetra-eth'yl, (iMlSll.l,. Tl" ' Y''',";: T'', 

pniind. Mu prnpd’lii-s nf wlncli wd'i lnnl<)ldh\ Mdulckvll. slinws Miat 

' \|.. 'Jil M /' '//ft/ ./ I'MI.* iO, :!-!■) 



iUS CA1U?0N AND ITS ALLIES 

friTinniiinni shares wiili other metals of the 15 subgroups the ability 
to form \olahIe or^ano-rm lalhc (‘ompoimds. It is fornud bv the 
mtir.ielioM of i((i manic clilnndi ami /me (l]i\l m an alinosplure <»!’ 
carbon dioxide : 

(hCl, i L>yaii(’dl,), (h((',lL,), ; ‘i/aiCI,. 

IS s(|)ara((d Iroin (Ik /me clilnruh' b\ \\.d(r, c\tractul witli ctlier, 
dri(d and disliIKd. 

(hnnaiiiiim elh\l is a colourless li<|iiid havniLC a I’ei bl( odour like 
thal of l(‘( ks ; it IS immis(‘ibl(‘ wilh, and huh(< r lhan, wab r and boils 
al KiO (’. lls \aponr d( nsil\ ’ al ‘JoO (’ is 11!) (II I ), w Inch eoi 1 1 - 
s[)onds lo a inokcnl.ir weii^ht of Since Ihe* inohcnlar \\iii,di.' 

corres|U)ndini^ lo tlu Ibrmnla (i(((\lLj, is ISS. Hn imilecnk s are 
probabK associated in Mu stale ol vapour. 'I'he v.ipeair burns with 
a \ ( Ilow ish !■( d llaim .ind loi ms an ( \plosi\ c mi\l nn uilhowmn 
Germanium Chloicofomi, (ielK'Ij 'I’liis compound, like I In hvdride 
(hll^, conmels ifd’mamimi wilh Ihe non-im lals (Mibon ami silicon. 
Indeed Ch IK I . < lose l\ r< ^^e mble s SiIK'l , m che mical prope rlie's. 

(hrmamiim e-hleji-eilbi m is Ibrimel as a vapenii. cemde nsible in ice 
lo a \olahle liejuiel. when hvdioL^in chloiiele i,ms is pasMil over sliidillv 
In'ated povvdeieel LTdinainiim. 'rhere* is leinned al Ihe saim* turn, 
ovviiiLT to Ihe presence eif trace eif water a eMilam ejuanhlv of tiu' 
eiw chleeiieli (ie ( )('L, w Inch i( IS elilhciill |e>remove lioin Ihe ehleni»le>rm. 
(hrmanium e-hlenolbnu is a ceileenrless hepmi boilim.; al, 712 C’, which 

bcceimes Inrbiel eni e’Xpeisiire lei an eivvinif tei Ihe lolin.illein eiflhe o\\- 
chleiriele . ,iml is ele cemipeise d b\ w.ileT. with separalieni ei| ireiniamnis 
liV'elreiMeh', ilius : 

(ielK’l, 1 211,0 (ielOII), 1 :Ul(l 

'rins manner eil ele e’emipeisil lein eleies mil al liisl .ipjiear lo be* aiialoLfeins 
lej lhal of siliesin e'hleiieileirm. which reads thus with water 

() () 


2SilK'l, -1- 111,0 


IlSi oil 

► IISi 

ilSi OH 

O 

O 

ILSi 

-l-rdK’l 

0 

analei^iie eif leirinic acul 

^v beceimes 

a])ptire III . 


o ; iioO. 


Tile- V apeinr eh nsii v eif (led K'l , has be cn 1 ennui lo be 7 !) !) M 1 1 1 ) : 

since tlu‘ tlu eirclical ^alnc is S!) 1 llurc ajipears to be seitnc elisseiciat leiii 


(IKDMANirM HALIDES 

Germanous Fluoride, (h E.,, is feirme-d as a ehii k-ceilemre el m.iss, im.xeel 
with nu lalhc rinainum, when jieitassinm ,^re rmanillneineh'. K,(1(E,,. 
IS heated ni a cm rent of li\ dro^uai.- The* presence of the town Ihuiridc is 

• Mi’ve'i <iiiel Me*nse*liinL', />e/ , ISST, 20 , l ')7 
" Winkle*!,./ C/itiii , ISST, j 6 , 177 



(iKllMANIUM AXI) ITS COMPOUNDS ;;H) 

shown ])v llu' rorinal KMi of llu ])row n moiiosnlpliulc, (h S, w lien Iivilrdi^cn 
siilphuli IS p.issid tliroiinh llu* luiiuoiis (xlr.icl ul llic prodiicl 

Germanic Fluoride, 0( I*',, h.is nol hmi ohl.niw d in .i |mii'i uidi\ dmns 
sljd». hill I. Idiintd wluii Ihi t i \ .dli ih\ dr.i I < (h !•’ , ol 1 ) 

is licMhd III .1 ^lii.iiii (il i.iilioM d'l.xidi. .1' \'<ll I whin ,i inixlinv (»l 
i,uniMnic ()\id(, cidcinm Ihmiidi. .iiid Miljiliniu* .irid is dislillid. 

'I'lu* li\dr.d(‘ (uKj.'ilLO* is dlil.iiiud in lii'j< (i\s|.iK ^\h•n .i 
sdlulioii of ilu dinxidr 111 .upu<His h\ dnillinti K .u id is (\.i|MH.did 
o\ < r siiljihiiric .u id 'I'lu m* (*r\ sl.ds .iii h\ ^isi <ipi(* .iiid < ;isil\ diss(»l\ i* 
111 Wjdir, lilt' Sdllllldll, hdWt\(l. si|ll«rs ilNdldU-l. sn Ih.il Ljl.iss is 
(Iclud 1)\ liu IlhilMhd h\ dlolliidi u* .icid 

Hydrofluogermanic Acid,' ILChC,,. i^ Idiiind m s«ili.lidii in nii 
.iiiiildi^niiis wa\ ldII»Sil'',, / (■ 1 )\ p.i'^siii'^ I Ik \.ipdiii nl (lu li I r.illiidi iih 
mid wall r • 

1', ; lMI.o ’ 0,0. 

'I’lic rc.iclidii dilh is, lidWiMi* lidiii llu* an. lid iiailuui <>1 silicdii 

I ' I lalliidi id< , lui.iiisr llu lixdialid ii«imaiiu‘ d\ul' Idiiiuil n in. mis 
III sdlnlidii. 'I'lu* addiluMi dl pdl.isli Id 1 lu* sdinl idii piddiu i s pnl.issiiim 
i(( 1 ni.iinlliidi uu , wliil 1 « \( « s , <>i .minidiii.i pii cipil .il i s llu dxuli* 

Potassium Germanifluoiide ( ) k (it I*',, is dhl.inud 
III llu* cdiirsi <»r t \l r.irl idii dl lu I iii.innmi lidin .ii"\iddil' II is lu si 
pn p.in (I ' 1)\ ilis,dl\m»; - ji.nls dl nii.mu* dvid< in l‘J |>.iils dl a 
‘JO |u r n 111 sdlul uui d| li\ didlliidi u* .n ul .ind .iddiii" 0 p.ii I s ol pol.is- 
siiiiii (lildiidi 111 ( diii'i iiU.i I ( d sj>lnlu»n Mhi In .1 ip.n.ilni'f .is a 
|( 11\ llu sail Is ( \ i 111 n ill\ dlil.iiiu (I 111 lu x.'i'idii il u \ * I .ils n diiidi plidiis 
willi anmidiinnii ‘.ilicilliidi ul« Xccdidiii'; l'» W iiiKI' r I p.iil dl pdl.is- 
snmi 's I ili.imlliua id( dissuhts m 17 1 pails dl w.iIm d l-S ( and in 
;ji p.iiis .d 100 c 

Gcrmanous Chloride,' (i<Ck, isldinud wlun liMhdi^iii rlilniuli i^.is 
is jiassi (1 d\ ( 1 ( lu lu .dl d nu 'iidsnlpli'di . (ii .S 1 1 i » .i <‘i'l"ni li ss lu|nid 
winch liiiiu'i ill llu .(ir ,iiul is d'Cdnipds<d h\ w.d< r wilh si ji.ir.d um 
of llu cdi u s|)diid'n'r h\dit.\id. . il cdnsM|iunll\ pnsM sm s no sahiu* 
|)i <)|M I III , 1 1 s snliil idii 111 c< iiici nir.di d h \ di dclilni u .icid is a powi I’lnl 

1 1 diK III"* .I'^i III 

Germanic Chloride, (i' < I , m.»\ lu pi.p.iiMl ’ hs llu nnidii of llu* 
chnuiils, ( \ci ss dl* (hldinu I** iiii^ rin’d\«d l)\ *h.iknnj llu piodiul 
wilh nu icni\ . di* 1)\ dislilhiiLj llu nu l.d oi llu disiilphidi ‘ wilh iiu mine 
(■hlorult II Is .1 linn, Cdloniltss luinid. h.ixiiuj .i diiisih of I Ss: ;il, 
l.S'(\ and hdihiur .d m; (' ; ils 1 1 il u*.d h iiijM i.ihin is'JToO C and 
crilic.d pi' '‘aiit IJS .d nu 'Spill I't s il d<' s iidl *''l'ilil\ al !s0 ( , ils 

\.i|)diii d<iisil\ .d .‘JOl .1 ( w.is Idinul Id Iji 7 Id .ind 7 10 (an* 1 ) '* 
dl !o: 0 .md lor 1 (II 1). lludr\ ha* (. ( I , n iiini nui 7 10 (.nr D 
dvioi, (, 01 I), d issidwk d. ( diiipdst d h\ v.di r wdh s( p.ir.ilidii df 

llu* in dl .1 h d did\ id' . .ind is is dnrt d I o nu I .d wlun il \ .iponr, niiAi d 
W’llh Indid^ftii. Is p.i .SI d ihidii'^h .i r< d-lidl lulu 

Germanium Oxychloride,' (i<(Hl,. «s piodnc d In.in ir. vin.mmin 
rhldi'dldriii \)\ dsul.ihdii wlun llu l.dl-r snhs^■lncc is Iuiulc pnjiarcd 
'l)V wai'iniiiL^ lu nn.innim in a iiiiitiil dl liMli'tiLi' n <*hldnd( ^as 11 is 
also i'orinid *wlun .i line skri.fin ol .nr or d\N'_jin is hd Ihion^h the 

' WiiiKI. I. / innU ( h , 1 ssT 36, 177 
WinKI. I /-yt//./ Issh. 34, 177 

' Nils(,n .mil I’l it> is.nii /ill ill jil'ij'ii'if Wi. ‘u . i, S 7 



320 CAJIBON AND ITS ALLIES 

chloroform, aiul jrriidiuilly s(‘})aratrs IhcrcToriii as iiii oily liquid. Gcrmii- 
niuni ()\\ chloride is a colourh'ss liquid. Iiss mobile Ilian, and immiscibli' 
with. Liirmaiuum chlororonii ; il (1 <j(s not fume m the air. and boiK 
al)o\e'lOU' C’ 

Germanic Bromide,' (ii l»i j, foinud l)\ liie union t»l its (lenunts. 
or b\ (list illiiii,' a imslni'e of UKreniic bromide and ^(.rnianimn. is a 
colonil(ss liquid wbuh solidira s at 0 C’ lo a i\lute cv\slalliiu‘ mass. 
It limns in the air .md is h\drol\s<‘d b\ wafir, with sijiaralioii of (lie 
h\ ilr.ib d diosidt 

Germanic Iodide,^ is formi'd by lh(‘ union of its ilem.inls, 

oi b\ the niUiaehoii of r manic cliloruli* and jiolassimn lodidis IL 
IS an oiMu^n* sjilid. wineh nulls at 111’ C‘. and boils <d)o\i- .‘>0(1’ t\ Its 
\ apour densil \ ,d 110 (' is ‘JO 10 (air l)or‘JOIO(II I), lluorv for 
(h'l 1 n qiiii mj ‘JO 0 (air 1 ) or ‘JSS 0 ( II -1) At a souk wlial liielu r 
ienip» 1 id iir< llu* Naponr lupins lo dissociali*. The sitlid iodide de- 
hqiuseis 111 tin- air aiui llu n i^radiially loses Kulme and absorbs owueii, 
so jiassmn into llu diosid'* 

(ihlJMVMl M VXD TIIK OXVCiKA' (illOVP 

Germanous Oxide, (b (). i-^ oblaiin d l)v Ik al mif (be h\dio\id(‘ in an 
UK rl alnio^plu I'l , or 1)\ lu.dimj (Ik diosidi' udii nKlallu' <•( rmannmi 
or with niamu siuiii. Ihll /.- lio\\( \ ir. could nol biinu a I ion I I be n action 

Ceo. : (b ‘jcbo. 

(bimanons o\id< is a <40 Msb black |)o\\d(r wbieb is Nolalili'- and 
dissob I s 111 Ir. dioebba'ie acid loimiiiu u solution of ec rm.iiions^ ebloride. 

Germanous Hydroxide, (b (Oil )„. is tbruud as a ncHow pricipilale 
ANlieii alkali 1 adib d to <i solution of tin coirespondmij ebloridi' it is 
soniMNbal soliibk 1 1 walir, t») wbieb it mipaits its \<llo\\ colour, and 
abo 111 < \e« ss of .dkali If (Ik* b\dro\id« is IkmImI nmIIi (Ik liquid 
from wjiieb il b.is lu i n po (‘i}ui<i(< <1 it is ndibnid, «m<l this is beli(“\(d 
lo be due lo llu lauloiiKiie ebaiifre : 

on on 

/ 

3. (i, 0 

\ \ 

oil H 

till latlir siilislance lx 1114 llu nu.inium aiialoune of formic acid 
This idia IS sin lujllu ned b\ (be fact (hat jfirmaiioiis b\ dioxide is 
produced by llu action of water on irermamum cbloroform . 

Ji(bn3 1 ‘jiioO iKbooiiH .-nici 
lubooii , ‘ (b(on)v 

llant /sell has shown lliat the Indroxub's of zinc, tfbicmmn, lead, 
tin (stannoiis), and ucTmamum all b<’haM‘ as feeble acids whose slienuHis 
increase in llu order ^imii. This has been done' 1)\ nieasiirmu llu- 
electric combietiMlus of alkaline solulioi),s of these hydroxides and 

’ Wilitlfi,./ pinkt C/irni , ISS7. 36 , 177. 

^ Ililt/ 7j(\t\th nmnq ('hnn, 11111,72,313 
llnnt/ cli. Ziituch artonj Chm , 1UU2, 30, 289. 




al^ by dotcrmiiiiiig the rate of hydrolysis of ellijl acetate by such 
solutions, and eomiiaring lliese effeels uilh tliose imidiieul by Hie 
alkali aloiK. Thus an iiidiealioii is gi\eu uC ||i, cxUiil lo uhieh Ihe 
Iiicljillic ii\(ln)\i(l( is combiiud with the .ilkali lo ronn a s.ill. .md 
so ol lli(‘ acidic sUi nielli ol‘ llns ludioMilt 'I'Ik iicc il appiars llial 
^ci in.iMoiis ludroxulc is a sli^lill\ wtakir acid (li.ui act lie .icid ll is 
lo l)c Holt d dial the acidic cliaiacLcr of lliesc Intiioxidt s oi at miaiiiiiin, 
tin, and had dt [x iids upon the al)ilil\ of IJk thnunls lo lucoiiic 
(|iiadi*i\ ah 111, and alst) llial th(‘ acidic slrcn^r(hs diminish wilh incua.so 
of a1 jinic \\( itrlil 

Germanic Oxide, lli(‘ pit [>aration ol ^(imana* oxide I’loni 

ar^r\rodile Ji.is .ilnail) lx cn dcscrilxd muh r llx iiKlal. 'Diis oxxle 
may .ilso he ohtanud hy hiirmni' lh<‘ im lal, I)n o\iihsmif llie sulphide 
1)\ mine or .snl[)lmiic acid oi hv loaslinir, and hv decomposin'^ lh(‘ 
chloride \\ith wahr and iLfiiiliiiij llic pnxhicl. 

Gcimanmm dioxide is a those while powtlcr, ha\mtj a tleiisiU ^ 
ol !■ 7().*i al IS^ C\ ; il can lx* melletl lo a cit ar ln[md, hiil is nol \olalilc 
at 1 OJi") C.“ ll is sonitwlhil solnhle m wahi, I pail tlissoKiiiLj in 
217 I parls t)f waler al 20’ (’. anti m !).> ;j pails al 100 (’ ; Ihesohihon 
rcacis acid, and liom il on txapoialion tlu anliNtlioiis tixitle separ.ilts 
in micioscopic rhomhic cnslals-^ Tlu* i^milttl tixith' hums wilh wah r 
an < niiilsion which Ixctants (*leai* tni ht.ilini' t>wmi^ lo I in* rormalion 
ol a colloidal solution, (himamiim dioxith' thssolves Ixilh in acitls 
ami alkalis, m IIk* former cast* i,nTmamc sails apptai lo lx* pnxlncctl 
in soil! I ion. III the lal h r <ilkah ^ta manat t‘s. (*ai Ixmi dioxnh precipilates 
colloitlal liMli.iletl ;^^<imamc oxith* fitim alkali sohilion.* Ntilher til* 
lh( h} til tixith s ( Jt ()(( )I I )2 Ol (h (Ol I ) I Is th liml < l\ known 

Germanous Sulphide, (h*S, Ihc Ik si characleriscti ^,t im.inons com- 
])omiil, nia\ lx pnp.intl m Ihe tin tirwtl wa\. In Ihe dry w.i\ il is 
linxhicctl 1)\ h<almir a mixinre of Ihe disniphith* anti mtlalhc i^tr- 
manium m a corn nl < T (‘aihon thoxuh*, tir hy ii,niilinif (lit thsiilphitle in 
a hlrcam of hvtlioi,Mi In Uk lal h r case n duel ion niav jntxxstl as l,ir 
as Ihe metal In (lit wt L wa\ the siilphith is ohtaim tl l)\' pn cipital ini^ 
a •reimaiioiis soliil ion wilh h\tlioi^» n sniphithx Pn cipitah d, .imtirplitais 
^ermaimns snl|)liid( is hitiw iiisli retl, hiil wdieii I his compomul i , prepart tl 
111 the div waN it is ohlaimtl m thiiifrnvish hlack. im lalhc h)okm^^ 
])lalts, which ait i homliic tir montxdmit* and appt ai ntl h\ Iransmilhd 
li^dit ; ll im Its lo a tlai k-coloun tl litpiitl anti can he \aporis(d wilhoiiL 
decompt)silit)n, lht‘ \aj>our tlensily® al 1100' (’. heini^ a I (an —1) 
or .’ll 0(11 - 1 ), tin orv Itir (hS retpiirm^ ;} 00 (air I ) oi -S (II - 1). 
This snlphitle is slnrhllv soliihh* m water, anti dissoKts m ctincenlraletl 
hytlrtK'lihiric acitl, loiimnf^ a sointitm I’rtnn which it is icprcciiiilatt'd 
by hytlro;,^*!! snlphitle, lints: 

CitS ] 2IK1 - GcCl., + Il^S. 

It also dissohes 111 alkalis and is prt'cijnlaietl atjain hy acitl; w'lth 
yellow' ammomnm snljihnle it forms a thm-salt til CicS^. Tims GeS 

• ^ ^>llslPIl <11x1 IV (leissiin. Ziif^ih ('hnn , 1887, I, 87 

* liill/, tinttui i'lt'in, nil I, 72, 

* ll.iushofi 1 , / Ikmi (Tim Mun<hiii, 1887, i, iTI , buo also , 1.887,20, 

Bef. 00(1 

* Van Ofiimiflcn. Jiic Ttm rhim , 1887, 6, 205; see also litr . 1887, 20 , Ih I 541 

® Kinss, Bn , 18,88, 21 , 131 

* Nilaoii and Petterbaon, ibid 
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resembles SnS in chemical properties, though it is probably more acidtc 
than the latter sulphide. When the preeipitatecl sulphid(' is washed 
it shows a lendency to })ass into llu* colloidal stale. 

Germanic Sulphide, GeSa, jiiobably occurs naturally in argyrodite. 
It IS obtained as a voluminous while precijnlale by passing hydrogen 
snlpliidc llirougli a solution ol* gernianic oxide, or by adding mineral 
acid to a solution of gernianons sulphide, GeS, in yellow aininoniuni 
sulphide. Wi‘ak organic acids, such as acetic acid, ilo not precijiitatc 
this solution owing to th(‘ stability of the conijilex thio-gerinanic ion 
which is jneseiit; and indt^ed a large excess of miiK'ral acid must be 
used to complete the ])recipiLa!ioii. 

(iennaniuni disulpiiide is a white powder dillicult to wet with 
water, but soluble m 221*9 parts of water, forming a solution which 
will iireeipilati* various less soluble metallic suljihides. The aipieous 
solution quickly ilecomposes, with (‘volution of hydrogen snlphidi'. 
This sul])hide readily dissolves in alkali hydroxide solution with forma- 
tion of thio-germanate, a derivative of thio-germanic acid which is 
probably ILGeS,,. 

Germanium Ultramarine.- -WIk'h germanium oxide, sodium car- 
bonate, and sul))hnr are fused logi lher a blue colour n sulls. This is 
probably due to the formation of germanium ultramanne, an analogue 
of ultramarine in whicli GeO„ takes the place of SiO^.' 

■Y)KTKCTI()N and KSTIMATION OF (JKHMANIUJl 

Germanium compounds do not colour the Bunsen llame, but the 
spark spc'clrum of (he element shows a number of bright Imes^ especially 
ill the blue and violi t. 

From gernianons solutions alkalis precipitate th(‘ y(‘llow hydroxide, 
potassium ferr('e\aiude the whilt iVriocNanidi', liydrogen sul[)hidc 
the brown sul|)hide GeS ; geimanous solutions reduce chromate and 
permanganale and ]>reeq)iiate g(»ld from the ehlorule. 

Alkalis yield no ])reei})ilale with germanic solnlions, since hydrated 
germamc oxide becomes colloidal and excess of alkali forms germanatc. 
Ammonia and ammonium and sodium carbonates partially pri'cipitatc 
the hydrali d dioxide. The most chaiael eristic react ion is the formation 
of the white siilphuh', soluble m exciss of ammonium sulphide; this 
compound serves for the graMinetric istimation of germanium. 

1 See tlili vol IV. 



CITAPTKI} VIII 

TIN AND ITS COMPOUNDS 


'fix {Stannum) 

Symbol, Sn. Atomic wcii^lil. I IS 7 (O -- 10 ) 

0 ccurr£nc 6 « Im ran Iv occurs u.iIim, ll li.is h((ii found m tjold sand 
at Jipuiim 111 IIoIi\iad in small (piaiiiihcs m Sihtii.i .nid (Jiii.ma. and 
111 liisiimlliitc Irom M( mco. 

Casaiirr/fr or lin^tonr, SiiO^, coiitamm*' wIku pun^ 7 S 0 pn* ci id. 
of the mclal, is the oiiK impmlaid oic of tm 1 ( is fnimd m lodes 
or veins m ^riainlc and m« (amorphic schislosc rocks, m '‘Slock-wd kc,” 
i.c. small iMmifMiiir suns, and m pockds. as \\. II as m Ixds or Hals. 
Snell 111! ore is c.dkd lodt-tin The sam< on is also fonnd in allii\ial 
dc[)osits 111 the loim ol \\atu’-^\orll iiodnhs, and is then known as.s//c«7rt- 
tin. \Micn iL posscssi s a lihrons sliiiclnn* d is calhal Xinad-ttn. 

(assderdc' is iisnallv acconqianud hv ipuiil/, mica, llnoispar, 
a])atit(‘, fdsjiar and other silicati's, the snlphidts of \aiic)ns me lals -- 
mispickd, ma^mdie iron ore*, native hisimdh, wolliam, and mol\ luh nile. 
On acconirt of (he nmo\al of fon ii,mi nialdials by wa» r, sinam-lm, 
thoiiirli not so pleidifnl, is jmn r Ilian lodi-Iin 

The most impoilam Knropisin loeahlx in which imslone is loiind 
is still ils aneieid source (’ornwall <ind I)<\<in 'rinsloin is also 
fonnd in Sa\on\, Iloheniia, Spam, l^)llni,^d, Kiaiici, I la* T'nihd Stales, 
Chill, Pen I, (dnna, Japan, the Malay Pt n insula, and tin ad jaci id islands ; 
Hanca, .Ia\ a, I h 11 it on. Snmat la, and C.iiimon ; also in New Soul h Wales, 
Queensland, W'c stern Australia, Tasmani.i. and sonu pails of Aliica. 
The^nvatcsl (pianlil\ ol tin isoblaiiud from (ninwall, the Kasl Indies, 
Australia, aiul ljoh\ia. 

Another iiuik r.il coidainm<; tm is fin pifnlrs or hcll-mrtal me, which 
is an isoiiiorjihous mixture of tlie sulphides of tin, yauc, ne)n, and 
copper. It is femiid at Iluel Rock, St. Anne's, Coinw.dl, but on 
acconid of its rarity is not worked. Tin is alsei found in small (pianlily 
in epidote, cohunbite, and lanlahte, in iiimeial waters, and m some 
meteorites. 

History. — The use of tin as a const due nt of bion/.e* dates back to 
prehistoric times. The ai^e of bronze, which in seune* conidries inter- 
vened bctw'een the* a^a* of stone* and that e>f ireui, is eonsielered by 
Montcliiis 2 to dale back m the case* of Rritam te> 2500 n e . The* “ tin ” 
of the Old Te'stameiit, which is a trail .lation of the,* Hebrew' word 
bl’dhil and a})]jears as the; Gre*e*k w'orel K<i«nrtTc/ioi m the Septna^^int, 
is probably a (oppcr-tiii allo}* which was known in K^jypt in lOOO b.c. 

1 Forbes, Phil Mag., ISCm, (i\]. 30 , 139 

* Montelnis, Arduologm, 1909, 61 , 97 ; see; (Jowlunel, “ 'riic* lluxlcj Memorial Lecture 
for 1912,” J Roy. Anthrop. hut. 
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Ancient bronze (Gr. L. aes) was an alloy of copper with a little 

tin, and was employed by the (ir('eks for coinage till 400 n.c., when 
the tin b(‘^r;ui to be displaced by had. Aliout tlie Clmstiaii era the 
word which is probably eonneebd uilh the Arabic “Kasdir,” 

ineaniii^^ tin, came b> be applud to this natal ; so the Ihitish Isles, 
whence .Iiiliiis Ca sar brought Im, wen* called I la* C assili ridcN. Tin 
w'as also known about this time as plumbum album or caudidum, in 
contradistinction to lead, which was plumbum uulium ; and (';esar lias 
tli(* following' jia^'sa^i* about this metal in helium ^iulliriiiiu v, : 
“Naseitiir ibi (m Hntannia) plumbum album in niediis re^Tionibus, 
in maritimis brium. s(d eiiis evi^nia (st copia ; acre iitunlur im])or- 
talo ” ; whilsL Pliny ^ thus d( scribes the source of the natal : “Ex 
adverso CMlibeiae eoniplui*(*s sunt insuhe, Cassitirides dicta* "ra’cis, 
a fcrtilitate plumbi.” 

The Pho nieiaiis are said to have brou<,dit tin from the Cassiterides ; 
and durmif the Roman oeeu|)alion of Rritam tin was taken from tla* 
Cornish mines across to Iklis or St. IMiehael's Mount at low' water, 
whence it was shipped to (iaul and earrasl via Marseilles to Italy ; 
it was also obtaiiad about tla* same tma* from Spam and PorLii^^al. 
It would appear from the nanas applail to tin and h ad th.iL tla sc 
metals were rceo<,mistd as dislua*! sp(*eas: that tlay win* rii^.irded, 
howcNcr, rather as \arielies of oia* natal is shown by tla* i’ollowmj^ 
passai^e of IMiuy : “ Seeputur natura* plumbi eujus duo ^eia ra, ni,i^runi 
at(|ue caialidum.” The* w'ord stannum is found in tla* wnlini^s of 
Pliny, but it apjiears to ha\e been used at that Ima*, nol for tin, but 
for lead and its alloys ; it was first applied to tin m Ihe fourth eerdury 
of our era. Some inlerestmj' mfoimalion (‘onec'rnmi; tla* pn'par.ilion 
and uses of tin is contained m a Ciredv pa|)vi’us of tla* third ei'idury, 
discovered at Thebes and ])reser\(‘d m tla* Museum (d‘ Anli(|niliis at 
Leyden. In the Latin W'oiks of the thirletnlh eiuLniy which are 
profess('dly translations of the Arabian alehi'inist (hber (b. n.d. 7(5.’)) 
some important ])roptrtKs of metallic tin are inc'ntioued, such as ils 
“ cry ’’ and its power of imjiarlm^ biillleiuss to alloys. On account 
of this latter jiroperly tin was ealh(l bv tla* Western alehemisls diubohm 
mctalloium. Tin was one of tla* ori^,nnal metals asso(‘ia1(*d bv ihe 
alehemisls with (ireek mytholotjy. Hy the Greek aleliemisls it w'as 
termed Hermes; but later, alxait tla* beirmniiu,^ of the si\lh century, 
it was identdiul with Zeus or Jupiter, and ra*( ived tla* si^»n if- 


THE METALLURGY OE TIN 

The essential reaction for oblainmjf tin from tinstone in Ihe dry 
way IS very simple. It consists in the reduction of the oxide w'lth 
carbon thus : 

Sn0.j 4- 2C = Sn -\- 2CO. 

Owing, however, to the large proportion of foreign matU'r in the ore, 
considerable jircliminary treatment is necessary, as’well as the nlining 
of the liberated metal. Processes art* also in use for extiactmg the 
metal in the wet >vay and by electromelallurgy. 

* Pliny, Natural History, 4 , 22. 

* Jlouvona and Leemans, Papyrus grecs du Musie iV Antiquity 'i de I^yde, Tonio II 
(E. J. Brill, 1885). 
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Extraction of Tin in the Dry Way. -Tins process involves the 
tollowin^r ()])( lilt ions : 

(i) Piiiiliciilioii ol ili( or, . 

(ii) Hiduchon of sliiimic oxide. 

(ill) J{eeo\(r\ of I m rnun sl.i«rs. 

(i\ ) Keliiiiiii^' of Lin 

(i) ]*in ifinifmn e/ tJw Ofr 'liiisloiu* m.iv (‘oiiLiiii orii;iM;ilIv ns little 
^^s])e^^^(e^ 1 .iiid ‘J p( r (s nl ol IIk iikImI. I)\ (Ik jiioei ssi s ol piiiilLCii- 
lioii Mils ])r()j)oi 1 Ion IS i.iisid lo l>(l\\e<i) ."il) ,iiid 70 jn i (‘ini'. TIu; 
iin|)iii it i(‘s 111 IIk ou‘ li,i\i nol simj)|\ ,i n, inlliit net ; lli<‘y lire 

})Osili\el\ iiijiirioiis loi two nnsoiis (i) 'I’lir oxid, s of ln‘ji\\ iiu'liils, 
esjieeiiilly f< rrw oxide, would he n diieed :il liK's.niK linn ns 1 lie 1 in :ind 
ihe nil Inis iillov \\illi il (n) Silu.i .ind .ilU.dis <‘onil>nu' willi sliinnie 
oxide I o loi 111 1 es| 1 ' ( 1 1 \ ( 1 \ silie.i 1 e ol 1 m .i nd .ilk.ili si .inn.i 1 1 , .i nd in hot Ii 
cases III! would uih r llie slair Mom,»\ii, lin on lii(|iienll\ eonlnms 
vvoiriiiiii, (Fc.MidWO,. and selie. Iile. C.,\\0,. ulneh miisl h. leiiioNcd, 
as Well as iiisi me and siilplini in I Ik loi in of .irs< nieiil iind eomnion 
JljTiles, wineli iiiiiv h(‘ oxidi-., d and vapoiiseil h\ io.ishni(. Tlu' 
proei sses h\ wineli llie on* is piniliid ar<‘ lliKirnld, (I) (Ik'ssiii^, 
i*2) lojislini', (.‘M lixni.dion. 

(1) IIk di ( ssimj ol I Ik ok si enres llie k moval of ii hiiiri* pioporlion 
of siliei'ons i^aiiLTiie. 'rin ore is enisheil and waslnd lo k mo\ (* the 
lighter parlieks ol <;ani,me, lliis Ik nii( (asilv (Ifiehd owiiiLf lo lli(‘ 
Infill diiisily of llie slannie oxidi 

( 2 ) 'IIk* roiislnii; jnoei %s (*on\(ils siilpluir inio sniplinr dioxidi*, 
which ( se,Tp( s, and arsi me mlo aisunoiis oxide, wine* is eondi nsi’d, 
thon<rh SOUK* ol this (liiiKiil K mains .is feme iiiM*nnle, which n(*eds 
to h<* sj)(eiall\ ndiieid 'I’Ik* ok, iifhi loaslniLT, eonlanis hesi(l(*s 
slnnnie oxide, oxidis ol non, eopp(*r, and hisnnilli, snlphiihs of eojiper 
and non, tinmshn eompoiinds. and small (pianlilKs of iinallered 
Milpliidi s .ind ai SI nidi s. 

'rill loaslini; jiioeiss is <*aiiKd onl in Inrnneis jirovidid wilh lixed 
or movahli* loasIniLf eliamiHis. 

A linnaee wilh .*i lixid loaslm*^ (*li.imhii, siii h jis is i mploved in 
Snxonv, is shown in Fii'' P. 'i’ln ok isdiiidon I Ik* loof of I In* liirmiei* 
and then drop|)id lhionLi;h (In op(*nniLj I into 11 k loiislmtf ehanihi r 7/. 

A slidinj^r dooi liadni^r to Iln* ehmiiK*v /} ean hi o|Mn(d or elosi d id 
will, iind the same njiplns to tin d.impi r li ailing lo the line 7'J Hv 
this line lh( arsi mons oxidi* N.iponi pass<*s lo ehanil,(*is win re iL is 
condeiisi d. 

An iniportiint form ol iiiovahh Kiaslir is Oxiand iind lloekmi^’s 
revolMii^r ealeniii, which is used in Cm’iiwall for ores rich in sulphur 
and ill SI me 

The enleiiK r. show n ni Pi*' 10, eonsisls of a ev Imdi r, 77, IKMo K) feet 
lon^ and fioni l< lo 0 ieel in diiiiiKlir; it is hnill of hoili r-pliili* and 
lined with lin hm k The niehnalion ol Ihis e\ hnder de])ends upon 
the Kite id which il is di siriihh lo lo.isl Ihe ori* , it iiiakts from :i to 
8 revohilions jjir nnnnte T«Ik ok*, whi(*h is diied on the roof of Ihe 
condensin<r ehamhi r, is fed in throni;h Ihe hopjier and is dislrihnted 
Within the revol\ini' cvhndei 77 h\ me:ins of four lonfritnihnal iid^res. 
Hot f^ases from the lire at C are ilrawn with air ii]) llie eylmdir, jind 
the arsemous oxide formed hy thi volatilisation and oxidation of tlic 
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arsenic in the ore is condensed and deposited in the scries of chambers, 
1), shown at the rii,Mit of the fi^nire, while the calcined ore drojis through 
the opening in I he areh lixed at the low'er end of the eslinder into 
the elianibtr From 20 to 25 tons of orc' can be roasted per divm 
in Ibis ealeiiKT, 1 ewt. of coal being recpiired per ton of ore. 

(.*J) 'Die loaslid ()r(‘ is ik \1 h\i\ialid to reino\e soluble oxidation 
jirodiiels. Jf eojiper sulphab* is jiresent it is waslied out with water, 
after which hydioehlorie acid is employed to extract oxides of copper, 
iron, and liismiilh. Tin* copper is pnnpilated fioiii solution by iron, 
and till' bisniulh by water, as oxvehlorid(*. 

Tungsten eomjioiinds are remoM'd from (In* ore at this stage by 
means of a magiulie sepaiator, which atlraets the wolfram, or by an 



Fio 0 FuTnaco for 1m oro«i, \olli fisod lonstmc (liariibor (S.txony) 

A Oponinpr dll wliicb llu> dll' cnlois llio cliainbei nfler bcinii leasted on 

die roof li l!o.i.sl]rig diaiiibn C FiKpJaoo J> (’Iimin('\ K Flue by 
^vhu■ll aiscnioiH oxntc pa^M\s to (oiidensmg cfianibi'is 

oxidising fusion W’ith sodium sulphate, which con\eils the tungsten 
mio sodium tungstate. 

(ii) iivduviion of Sfaiinic OiVidc.- The reduction of staiuue oxide to 
metal, bv smelting it with charcoal or anihraeilc*, is earru'd out eitlar 
m shalt furnaces, const riieied on the jirineijile of the blast-riiruMei' used 
in iron-smelting, or in reN (Tberatorv luinaei-s. The former nu thod is 
adopted in Saxony, Bohemia, Finland, BoIimu, Burma, Siam and 
the Malay Peninsula, Jhiiica, Iblhlon, South China, and .Jajian ; the 
latter m England, France, Germany, Spam, Mexico, California, and 
the Malay Peninsula. 

A shaft furnace, as used m Saxony, is about 10 ft. high, is built 
of granite or gneiss, and is lined with granite. It is trapezoidal m 
cross-section and ta]iers towards the base, 'fhe blast is conveyed by 
two tuyeres which enter the fiiriiaeo at tlu* back. The molten 
products pass through the “ eye ” at the base of tlu* furnace into the 
forehearth, where the slag and tin separaU* from each otlur. The 
metal obtained in this process contains about 97 jier cent, of tin, the 
rest being copper and iron ; the slag consists chiefly of silica, Jerrous 
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oxide*, and stannic oxide arul nia\ contain ns nnicli as ;t() per cent. • 
of the latter substance. 

^ A rc‘\ erbei.ilor} fniii.iei, such .is is nstil m ('nrnn.ill eonsisls of a 



shallow clliplicul )>eil, winch may b*’ It lo H- lonif and S Lo 12 ft. 
wide (J, 11). 'I'he bM is made of lirebrick and lasts about Jhrcc 

months ; it slojies l(»wards the middle and to tin laphole. The charge 
is introduced by a door C opposite tin* ta])hole and woiUed through 
another door opposite the lirebridgc. The whole process lasts Iroin 
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six to twelve hours, and the impure tin is run off into a kettle or float 

plaeed to rc'ceive it. The slaff produced is variable in composition. 

Some IS so poor in tin that it may be thrown away; other eonlains 

“ prills ” of metal. r)r is rich enoupfh in stannie oxide to merit turther 

treatment. 

(ni) Rccowrif of Tin fiom Sla^s . — The tin eontamed in slaj's is (mIIut 
in the Ibrm of meehameally enclosed metal, or as siaume oxidi- eombined 
witli siliea. Tli(‘ fri-e m<‘tal mav be recovered bv erushmi,^ the slai^and 
washm<r it, or by tiie s(‘ltlm^' out ol the metal in the molten condition. 
Th<’ metal is obtained from the eombined oxide eillier by u’du tioii 
or pil'd pi lot ion. Reduction consists in resnu^lliiiir with roat after 
iJie addition of a stronger base, such as lime, wtiu'ti libirales the* stamiie 
oxide from IIk' silica ; ])r(‘eipilatioii is smeltmi: willi iron, which disjilaees 
tin, formmti h rrous siheat<‘. 

(iv) Rcfinuiii of Tin.- Crude or raw tin from tlu* sliafl or re\er- 
beratorv furnace contains small quanhlus of non. lead, antimonv, and 
arsc'ine, wtneli are r(ino\(“d by llie proei ss of n lininir. Tins consists 
of UfpKition and hoilino and fos.^‘insi. 

Lifjnafion is tin* f^radual heatmif of th(‘ nutal till tin* pure and 
mort' fusible Im melts and runs away, leavinfj behind th(‘ h'ss fusible 
liqnotion-dioss. It is eaiiuxl out iri Saxony and Rohenna directly 
th(‘ metal has lu'cii tapped from the fondiearth of the* shaft furnaei', 
upon the iKpiation-heaith, wdiieh is simply an inclined plate with rid/^es 
u])on it, (low’ll w'hieh lh(‘ piirilu'd molten metal runs. In the Kn^dish 
proe( ss the Im is r(‘melt(‘d and hquatcsl m (‘ither the sanu* or a spcx’ially 
eonstnieted rc’verberatory furnace, and then boihsl m the refinini? pot 
or kettle. This boding consists m stirrin«» with a bundle ()f ^rnrn 
twijrs the molt(‘n metal kept hot by a fire undd’iuath tlu' pot. The 
drv distillation of the wckkI ^reiierates gas w’hieh kec jis up a bubbling 
action within lli<‘ molten metal and secures its exposure to the' air. 
The dross or hod-scuni is removed from the surface of tlie metal. 
Tossing consists in re'inoMiig the liepiid medal from the* j)ot in a laelle 
and pouring it back again from a height. This like w’ise se cure s ae'ratioii 
and oxidation of impuritie's, which are similarly remioveet 

For the extraction of tin in the wet way various ehemieal me I hods 
have been dcMse'd, but they have bee'ii applied eliielly to the iccovi'tij 
of tin from tin-plnf^, and result m the prejiaiation of tin salts r.dher 
than the metal itself. Otisolete methods^ consisted in elissf)l\ing the* 
tin from the plate in acid or alkali and then })reeij)itating the' metal 
from solution w'lth iron or zinc, or prepaimg the* oxide and smelting 
it with coal. Among the methods now’ m use is that of attacking 
the plate' with chlorine gas and obtaining a solid ludrate of stannic 
chloride.''^ An electrolytic method consists in packing loosened chips 
of tm-platc in wire baskets inimersed m hot caustic soda solution. 
These baskets serve as anodes, wdiilst the iron vessel con taming the 
soda is made the cathode. The tin is obtained as a spongifejrm mass 
on passing a current of volt. 

Electrometallurgical Processes have been ap])lie‘d to the extraction , 
of tin from its ores and slags, but wilhout much success; the metal 
is reeovere'd from tin-plate, Iiow’cver, and is also re'fine'd successfully 

^ Foi a detailed aecourit of tlie'so methods sec Uamlbnok of Melallurqif, l)v Schiiahed 
and Louis (Macmillan k t’o ), 2nd edn , 11)07, vol ii, p .’>40 

“ Ibul , SCO also article in Jmrrtrnn Machimst^ 1014, 40, 70] 




Kio II - Kc\»*il . r,it(>r\ hirnnof* for tin '-niflliii'.' I II I’laii 

A. ITi'.artli or 1)0(1 of fill run (* /* Fircpl.iu' (' Dooi foi ml rodiuMiin cliarge 

/) Door foi woikiim cli.'ui'i’ fj Keltic foi icchmiik tin ' F, Kcttlo for 
iccciviiiK refined tin after liquation 
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by ibis means. Both acid and basic electrolytes, t.e. solutions of 
tin salts and of stannntes or thiostannates respect ivx’ly, have been 
nsetl, lail ihe lall(T solutions yield the better results A solution 
proDosed l)v Boielms^ contains 3 to 5 per cent, of sodium stannale 
end 12 lo 15 per e(‘nl. of eomnion salt. The addition of the salt confers 
hiirli eondiii'lu dy on the solution, and enables Ihe tin to be* obtained 
as a siHuinx midallie deposit when a current of 50 to 150 amperes at 
2 to 3 \olls IS emplosed. with tlu‘ solution at a ti'inpeiature of C. 
to 50" (’. 'I'm has beeai Kliiud elect roly t leally ihroiiirh the medium 
of a. solution of sodium lhiostannat(‘. ' 

Connum Kil lin Kaehi s a hiLjh state of purity ; iL seldom contains 
less than 0!) jmt cent, of the metal. Although all tin has b(‘en relined. 
th(‘ bi'st (lualilv is know’ll as irjined tin. It is made form the purest 
ores and Mibimlled lo a haiejthened process of relininif. The ordinary 
(jualily ol' till IS east into moulds and known as hltx'lc tni The purity 
of tin mav he ludired by nultini; it and eastinj^ il in an mireit mould. 
Tlu- in^^ol sheaild be- smeiolh, bright, and rounde-d ; small im|)urities 
will sliai pe n its ( elif( s and cause it to frost ” ovc-r on sohdifN ini; whilst 
much imnuiitv w’lll i^ive- tlu- metal a veilow or purple tinye-. 

(iunii tin is produre-el from re-lined tin bv healintj it (e) a te-mpe-raluri- 
a little be le)w its m(l[m<(-pomt lo induee ( rystalhsation and make- it 
liriltle. It IS then bieiken by a hammer or die)[)ped from a hi-iLjht. 
The masses llins eiblained show’ a columnar structure. 

'rile- Londeen Me-tal FAchauire reee)<fnise-s two classes of tin . Class A 
contaimntf neit le-ss (han 1)1)75 ]H*r eeiil. and Class B not less than 
00 ])er cent, of the- metal : and these- ollieial brands include the te)llow’- 
in^f : Straits, Aiislralian, Banea, Billiton, Fiiujhsh, (German, and Chinese. 

The- lbllowin<{ anahs(-s show' the compe)sition of typical brands 
of tin : 
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Physical Properties.- Tin exists in three alleiliopie meielilieations. 
The- feirm stable- at ordinary atmosphe-rie tempt rature (above 18° C) 
is in lelrai(e)nal crystals, which at low temperatures pass more- or less 
rajiidly intei “ f^reV tin,'’ and at tem])eratures somewhat below the 
mellinfT-])oiiil under^e) transition into rhombic crystals. The folleiw-inf: 
jirope-rtie-s are thosr of tetragonal tin; 

Tin IS a white, hij^hly lustrous metal, having a density at 10° C. 
of 7-301 or 7-3137 afte r ht-atinfr to ne-ar its meltmer-point.-'* The density 
of the freshly fuse-d metal is 7-2S7 at 1.5° C.'* Tin expands m melting; 
fhe density of the- solid metal at 220*5° C., is 7-1835, and that of the 

’ Txiichcirt, EhlhometalluTijic, p 154. 

- I'liuis, Zeitvh. Klrktrochcm,, 11)08, 8, 11)8, 1G9. 

' ./ (^hnn pfn/n , 1008, I, 593 

* (’ohcii und (I(»l(Nchiui(it, Zaisch. phyttilal Chnn , 50, 225 
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liquid mctfil at the same* teni)). laiiire 0 DSS (Coin ii). Tlu‘ erv:^illinc 
structure of the metal is ^\lll senii \\h<‘ii Iin|)KiI<* is <‘lelii(l ^^ilh Indro- 
ehlorie aeul eonlaiiimi^ fn r ehloiiiu or wilh sl.umie ehloridr. a palh rn 
{mouc nn'tdllifpic) k snnhliu;' fio^l jncliin . lx m'4 produeid CiNslal- 
lisi'd Im IS, ho\\«\(i, hi -,1 si cu m lln- lm-li<e m nilun ,fnri\', ^^lueh 
is formi'd ^\lle^ a rod of /me is sus)niid«<I m a soliilioii ol' st. muons 
c^ilonde (11 m maim, ITS^J) I'mo rnsl.d'. nf Ihi nn !al .iie likewise 
obiameil ^^luu wahr wilh /me-diisl m suspi iisinii is addid lo sl.nmoiis 
cldorid<‘, as ^\lll as wlnn this si'Iiihoii is litelmhsid. 'I'ln “■ erv ’ 
of till, a ei'i akm^ iioisi proiluci d win u a hir nl lln milal is hiiil, is 
’due lo Ihi 4imdm4 of I lu ei\slals a'f.uiisl oin* aimlliir. Ae<'oidiii_4 
to Ciaiilx rl ^ maeli s f(. fwiimul enslals nf Im ma\ he prodiieid 
on Ihe uudi r siiif.iei ol a sinnnlh slut I of lie iin l.d win ii il is siiddi'uly 
])i{'r('( d hv a Ilf < <lli , and I hi ^ ei\ ol i m is pmli.ihh due In lln ioima- 
tioii of lliise m.ieli s 'rii. Inldm^ or Iwislm^ of a sin i I of Im also 
^i\is jisi to Iwimiffl h.mds 'I'm is liaidi i llim kail, hut solhr lhaii 
Ljold , it IS iiiall'ahli al oidmar\ Ifiiipiialm- and eaii In hiahii or 
lollid into shell ol foil; il IS also duelili. meitiism^ m diielililv up 
to 100' (' , hill IS iiol liiiaeioiis. a win 0 OS m m diaiiHlir hnaKm;; 
undf r a load of a I Ih 

At 200 C I 111 h( eoiiii s hill Me and can hi powdind d'lie lui’uu 
coeHieieiit of Imeai i vpaiisimi ol llie nn lal hilwiiii 0 C and 10() (. 
is 0 0000220(1 “ ; ils spi eilie In al is 0 O.VJ 1 al IS C and 0 OaO I al 100 
wlieiiei' llie aloniie Inal is 0 2 and 0< nsjHeli\il\ lln* llnimal 
eondueliMl\ al 1S'(' of hloek Im is 0 1 la.*! L'lam ealoi n s. and of lin- 
W’lie OlalO mam ealoins; whilsl lln ilicliie eondiiel i\ il n s ol tlu'SC 
two fiM’iiis oflhe nnl.d al IS’ C. aie S 2S 10^ and S S2 ) lO' units 

respi el I \ < 1 \ 'I’m ol)e\ s Ihe Liw ol \\nd<nianii and I iaii/< llial —* 

eoiislaiil . \\ln re X is Ihernial and Iv iheliie eonduel i\ il v and also the 
law of Mon 11/ lhal this rain is piopoi I imial lo llie ahsoliile tein- 

iieralure ‘ i 

As wilh manv ollnr nn laK, Ihe nnllmmpoml ol Im has been 
variouslv <M\(ii The mosl n liable nsulls aie lliosi iff Wanliier and 
Hur<ress,4 whomM Hn Naim 20I0'C' (Mini .ailierhnl less reliable 
nsiiTls an Iliosi of IIi\eoek and \i vill. " and M.fir.ul. nm Ihe 
foimer ohsei-Mis found lln nn II mir-p<»nil lo he 201 a C., llie lalter 
201 1 !•'’ C. and 2;i1 2a C., wliilsl foi lln punsi I'aiLjIisli I m, eo'ilaininp 
only a trace of iron, aisi me and phos|)lioius Mo'/.idi row louinl 200 02 C. 
Tin IS said lo Nolalihse iMlw.iii llaO C and 1000 C (( ai i.elli V and 
Williams), hill ils hoilmmpoml. wliieli is mi\ Iimh, is not known with 

acc'ur,,oy: Cr. ■. „«<«., 1- u.v.s ll.r ('• “""' t;?! 

tin have hieii fiaelionalh dislill.il m tin- .lietrie fuinaeeA Jhe 

1 C.Mibcit, nW, I'Mt, 159, '/ I‘/nl Trana., 

I‘)n0. A, 193, :r'0. I‘Hil. A, i 95 » ,, 

11 IflOO, 3, 

W.iulftfi .111.1 I5iii-ess, W I'Mil, 6, 14‘l . IllKl, 7, No I 

f. On thfMXH.sl.int M.l.iinriut.oi:.‘ntli.imo>n. lfr s. .I.- 
" niWi'(..-k .-111.1 N. Mill’. Nor, I.S)0 57, hn 

. Groenw»n,l. /'»« ff-;/ • '‘T \ TuA' 

9 Moiasan .'iixl OT-iofHey, r u,l , I HO 138, lb 
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spectrum of tin has Ix'cn studied by Lohuizcn, who has expressed the 

relationshi])s lu twcc n ils hues ))y means of a forninla.^ 

The most inlense lines in ilu* speelriim of liii are as follow-: 

Arc : 2S 10 17, 2S0a .>0, .'1000 .‘W, 8031 25, 3175 10, 3202*50, 3330 SO, 
3S01-10, t52tOO 

Spark: 2S10 10,2803 33,3175 15, 3202* IS, 3S01 32, 152100, 15S5 SO. 
0153 00 

Grey Tin.- -In 1S51 O. L. Krdmanu diseo\(ievl oiuan-pipes envend 
wiih warly (‘xereseeiiei s which d< \( loped inlo liolis owiiij,^ lo (he 
conversion of the tin 111(0 a tjie\ powder. Similar oh .crx al ions Ii.inc- 
been re|H‘at<‘dly made Arislolh* s])(‘aks of (in “millin',^” at low 
temfieratiin' ; and bars of tin k( pt at Pelro^o’ad and Moscow' dnrmi; 
severe winters lia\e bts n found eoxered with a ^ney powder owiiief lei 
W'hat has been e.illeel '“Im-pesl whilst coins and nleiisiJs made' eef 
tin, [ireseTve'd m mnse'iims, ha\e‘ de\e‘le>pcd speils iipein their snrf.ie'e s 
ow’in^ to the' eeinlrae'tiem of “■ nmse'um-siekness ” ! The' cause eif Ihis 
behaviemr of tin has be'cn invi*s(ierale'd by (kdiem and \an Kiik.'* who 
have* shown that (m is e nanliotropie— that is, it exists in tw'o alleitreijac 
modilieations winch clian^e* tlie one into the other wilh chan^^* eif 
temperature accemliner to the scheme: 

ffrey tin ^ white tin. 

The transition temperature^ at which both forms are ce|nallv slable' 
lies ve'ry near 20' ; abeive this te'mperatiire orelinary white tin is 

stalih', below it nu'tastable. Cemscqueiitly wlien the me'tal is kept 
below’ 20° C. it cemtinuemslv ehaiitres into tlie f^rey form, rueier 
ordinary atnmspheTic conditions the* rate ol this chan^u' is very slow, 
but it IS acce'h'iate'tl by Jeiweimjr of te*mperal ure', re*ache's its maximum 
at abemt — 50° (\, ‘inel then dnmnishe'S afifain. Eij;. 12 sets fenth the' 
experimental re'siilts eif Cohe*n and v’an Ki|k.® The* deusitv of i^^re'V 
tin IS not krmwn aecurate*ly, but it is about 5 S at 15 ’ C. 

Rhombic Tin.- -Aimthe'r mexlilieatioii of tin, occuiim^r m rlieimbie 
crystals,® is formeel when tin coeds slowly fiemi the* molte'ii stale; aiiel 
it is pre)l)able that <xrain tin owe*s its ])e‘cuhar struct ure* to tins nmehlica- 
tion. Hhemibic tin is also nietaslable at atnmsplie ric te mpe*ratuu*, 
the transition (e'mjH ral ure* be-twceii this form and te'lrai^oiial tin beini; 
variously ^nv'e*n as lOI C.,'^ 170° C.,®anel 202 S° C.® The- he*at of trans- 
formatiem eif te'trairemal into rhemilnctmisl l.*03 j_0 002eale)rie*spe'r irram, 
and the vedume' chani^e' 0 00017 c.c. p(*r j^raind” The de*nsily of rhemiluc 

^ Loliiiize'n, /^ror K Akmi Wihmrh Amytndam, 1J)12, 15, !U 

* Kmkt jiiiel il.'iM lu’k, Dtc Spfkiiai (hr Ehvuvte hii nornmhm Dnirk (Lt'ip/i^ and 
Wien, llMl). 

® (\ihe'n nnel van t’ljk, Ztifsch. plnfithil Ghcm , ISllO, 30, UOl , lOOM, 63, i;2.> , 100!), 
68, 214 

* See* also .lane'cKo, Ziilsth fi/nf'\}k({l ("limi , 1111.1, 90, 31*1 

® C’oIk'H anil \aii KijK, phi/vkal ('hem , 1S*M1, 30, 017 

® Treohmann, Ahna »SV/f , 1 8S(), 3, 1 SO . von Foullon, kk qml liiuhnan'^l , 

1884, 307 , (’olicn and Culdsclinndt, Znfsrh phqnkal Chou , lUOl, 50, 22.1 

’ De'Uonfi, l)}'<s(rffitunj, l)c*lfl, 1908. 

® Cohen and (Jnldsclimidl. Inr nt 

* Smits and de Ive’e'll^\, I'nn K Akvul Wfiavtch. Am'^todam, 1912, 15, 076; see also 
Ann. Phy/t , 190.3, |ivj, lo, 1 17 

Wemor, Zeitsrh. anonj Ohm , 191.3, 83, 276 
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tin— slifrhtly impure -IS (5 .V2.i t(» (', .mT uI 15 S’ C (Tivchinaiin). >rhe 
rehitions l)(‘t^\(‘l■n Ili(‘ Mine x.ukIk's nf hu (luis he sfl forlli : 

(1) (Irt-y tiii v-- li U.iiioiwil I 111 . ‘JO C 

(-*) 'rcll.iirnn;il hu . |•ll(»ml>|(■ hii Kil l’ lo -jo-j S' C. 

(:{) Uliomliic* ill! ^ Miolldi hn. j.-ji o (' 

'J'Ik' lieut of IniiisfoiiiiMlioii of wluU itit«» jrn s [m .u J7;j .tl)s is 
calories ju r ^Miiin-.ilom.i 



Fic 1 ' -The It in'^foonatinn of wliilo into 'ii« \ Im “ 


Chemical Properties. M' I.iIIk* lin kiimius hiiirlil m moist air at, 
oi(liii<ir\ ti mpt i.il UK s, l)ul IS o\i(iis((l wIkii miIIicm nt I\ lu.ihd in th(‘ 
jur. 'I’hus molU u Im lx comes co\<k(I with a \f\i\ lilm coiilamin^ 
blamious oxide, xxliieh is ^^ladiiallN oxidisid lo ( k am-eoloun'd stannic 
o\id( d’lii also l)urus lo diosale wluai sullieKiillN In all d iii the air, 
and lilvi xMsi dieiiiufiosis sliam at a rul Inal xsith foimation of the 
same oxide. 'J'lie folloxvin^f tlnimal \aliies lia\i Ixiii eslahlished by 
IMixter : 

Su -1- O. -- SiiO^ (er\sl) -j- i:i7.*-M)0 ealom s 
Sn 1 iiXaD^^ Xa.SiiO., j- Xa_,() -j 1 :5S,S00 calories. 

In the lUcli’opoli iilial m rii s of the iin tals Im stands just before 
li>dro^'tii ; eou.sdiueiitK tin posst ssi slit lie po\s( r of displaem^^ hydrogen 
fnini dilute acids, (old dilute ludroeliloiie ami sulpluine acids have 
very little action on tm, hut eoiiceiitialed ludj’oeliloric acid dissolves 
thc ipctal with a fairh brisk ixolulioii of li\drogin and formation of 
stannous chloride m solution. The rate of cNolution of hydrogen is 
increased ]Ty contact of tU(‘ tni xvith copper, siIm r, or platinum, owing 

* I'll!. 8S, Kll 

2 Cohi-ii .111(1 \ .m Kijiv. i'hm , IsSUl. 30, 617 

a M.xUi, Amtr J Hu., im [u 1, 27, 229 
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to elVtric action. Hot concentrated sulphuric acid dissolves tin with 
evolution of sulphur dioxide and formation of stannic sulphate, the 
stannous suljihate first formed bein« oxidised at the expense of the 
sulphuric aeid.^ N’ery diluh mine aeid fjradually dissolves tin >\ilhont 
evolulion of ^as, \\ ilh the formation of stannous and ammonium nitrates ; 
acid of density alxuit l*.‘l eouM rts tin to a white j)owd<‘r, with evolution 
of oxuhs of nitrotjcn. This powder is hydrated metastanme acid {q.v.), 
probablv formed by th(‘ d( eomjiosilion of unstable stannic ml rate. 
Tin resendiles antimony in its behaviour tow'ards nitric acid, and tins 
behaviour signifies the jiosilion which th(‘se metals occujiy amon^rsL the 
elements; that is, it shows them to be metalloids, intermediate Ix'lwTen 
non-metals and nutals. For n^jiresentatives of these thri'c classes of. 
elements liehave thus towards nitric acid : 

M(“l<iL Mt'l.illoid Ni)U-nictal. 

Soluble nitrate. Insoluble Indrati d Soluble owaeid. 
oxide. 

Absoluti' nitrie aeid has no actum on tin. Aqua rt^ua dissolves tin, 
formma staiime ehloruh', proMtled too much mtrie aeid is not |U(si‘nL ; 
otherwise metastanme aeid separates. Diluted oi^ranie aeids aet 
very slowly on tin m the [mseiiee of air. The metal dissohes m w^arm 
concentrated alkalis witJi formation of alkali stannaLe and e\olution 
of hydrogen. Stannale is formed rather than slaumte owing to the 
superior aeidily of stannic tin ; indeed a solution of slanniLe decom])os(.s 
on conec ntiatiou into sLannate and metallic tin. 

Uses of Tin. — Ih'causi* it resists the aet ion of air, W'ater and vegetabh* 
acids, and so keejis a bnglit surface, tin is a \ery useful nu l.d for Iiouse- 
hold and teehiiieal purjmsi's. It is em])l(>v(‘d aloiu' in plae(‘ of le.id for 
making iiijK's used for eoiuh nsation in distilling indiislru s, and also m the 
form of Im-foil, now so widely used forwTajipmg purposes. Its ehief use, 
how’('\(r, IS as a coating for otluT nu tals, i.e. for tin-j)late ; it is also a 
consliludit of a number of imjiorlaiit alloys shortlv to be d( seribtd. 

The manufacture of tin-Joil depends on the propel ly of tin, whieh it 
shares with other metals, e>f beeemnng malleable at ein e‘l(\.il(el Um- 
peTature. Thus at 100 C. tin is sutheae ntly malleable to he lolled into 
thin slu'et nnel foil. Tin-fe)il w’as fe>rine ilv much use el in an am.ilgam.ile*d 
stale feir making nurreirs, but it has imw’ hern large ly re-plaerel by silver. 

The art of tinning lirass and coppe*r was know'ii to the Romans, anel 
so tlnn was the ceialing eihtained by tliem tJiat Pliny states that ceijipeT 
when tinneel deies not increase in wnghl. The tinning e)f ire)n, W'hich 
is the most impeirtant part of the modern industry, preihably eirigmate d 
in Bohemia early m the sc vent cent li century. An English tin-plate 
company was formed m 1070 ; and the industry nourishes now ehielly 
in South Wale-s. 

Formerly wren ighl -iron forme*d the basis of tiii-j)late, but now^ 
Siemens’ milel steel is chietly enqiloycd. Bars of mild stc-e*! arc reillcd 
into plates of suitable* thickness, which are “ pickled ” in dilute sulphuric 
or h> drochleinc aciel, annealed, coIel-re)lled, re-annealed at leiwer tempera- 
ture, jiiekle d again in weaker acid, washed with wate r, and mtroelueed, 
wet, into the tinning nijichiiu'. This consists e^f a be)x containing 
molten tin and divided by a partition extending inte) the metal. On 
one half of the molten metal a flux of zinc chloride floats, on the 

^ J and H. S. PattmstJii, J. Soc. Chem. Ind., 1898, 17 , 214. 
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other half is a layer of hoi fjrease. The plat ■ is jmssed throu<,di ^le 
flux into the niolUn naUil aial under Ihe paililion, so as lo imei’fre 
Ihroiipfh the j^re.ist. It is then passed Ihioiurli mlhis nnIikIi uiiiove 
riirplus 1m and indiiei a ^lunolh and hiurhl smi<ie< on lln plali 

Foniit i‘l\ the j>lale w.is lualtd iii a sent ^ nl pol-., m il ^^•ls 

lirsL dm d in hoi <^iiase, llun eoaUtl with Im, .m<l alKiw.iids luiislied 
^Vllh oil lo eaiis(‘ an allo\ of (m and non lo lx* IoimimI , lien il w.is 
imiiiersed in a pol of pure lin, eoMod with till, lo p .> second 
coalnijf, and jiassed Ihion^h lolhis innniis<d in liol oil, il uas ik \l 
coolul in oil, and iinalK eh.msid l)\ Iximli seruMxd wilh hran .iiid 
chalk. Cojipt r, hr.iss, or non win is liniiMl li\ lx mi( wound oil a 
d^uin Ihronj^h eleainn;^ and nnsini^ \als and .1 di\ini^ nudinni, and 
then thron^^h molliMi lin. A \tss«l is liniKd on il . mhiioi l)\ nuans 
of molti'ii 111! jionied inlo il whilsl it is hoi , I In I in is I lx n 1 nhlx d o\ ( r 
the surface* hj raijs, a lillh n>an or sal .iinnioniae Ixiiil; (inplo\(d lo 
preveiiL oxidation 


ATOMIC WCK.HT Ot 1 I\ 

Thai tin* alomie w< lehl of tin is a|ipio\iinal l\ 1 11) is nidiealed 
In the followMii^^ eopsuU lal ions . 

( I ) The* sjxeilie laal ol tlx easi nx lal IxhxMii 0 C aixl 100 C. is 
()*05 j 1). Assiiinm^, in ae<‘oidaiie< with Diileiix^ .ind IV Id's law,' a 
iiK an alonne lx at ol d I, llx atoinx we mill ol Im niiisl lx ahoiil I la 

(II) Staiiiiie o\id< IS isonioiphoiis willi lilaiiie* o\iile whilst lino- 
slannales ai< isemieaplioiis with llixililaiiah < le. \nal\sis ol llit'so 
coiiijxMiixIs and tlx appix'al xm <*1 Milseix 1 lieli . law indieale .111 
alomie \^( iiilil ol lid loi Im - 

(III) 'I'liei. Is a space 111 the IV i xxlx* 'IVihle ha .in < X iix nl ol .ileanic 
ne ijrhl 1 \ iiM^r he I we ( n 11 I S .md J 2 U ‘J, and llx piope ilx s e>t Im nxliealc 
Ihal it wouhl iill that sp.iee \eiy s.d isl.ieha il\ 

Niinx lolls all mplsiia\e Ixeiini.ide to el« le 1 iniix w il li ae e*m.ie\ the 
alomie we lalil ol Im, hnl it was nol until llx hi-pminx^ol tlx \i.irl‘.)la 
lhala llioioiialiK s.disl.n hn\ lesnll was ,11 1 n e <l .el 'I’lx n snlK olthmu'd 
by Gay Liissae-,'' lie i/e Inis,' Mnlihr,' Vla.iixh le n,'‘ Dmii.is," and Nan 
deT Plaals^ai'e now nx n 1 \ ol hisle>iieal inhiesl, and .iie laxlK snm- 
inaiise d m llx Ldile* on p ddh. llx* n.iIix Ioi tlx , domic weij^lil. ol 
till that NNiis ae((|)l(d b\ llx Inle’in.dion.il Aleaiix* \\ e iifhls C eauimltee 
from 191)8 to J!)la, name l\ lldO. N\as base el se»lel\ lai llx- woiU of IJoii- 
^artz and Classen ‘•'j bnl it has now been replaced h\ Ihiseoe’s Nalue, 
namel\ lbs 7. 

IJon^nirlz and Classe n eaimd out li\e se ix s (*1 e \pe nine nls involving 
(a) the oxxlalion of tie etre»l\1ie tm to slaniiie eixide , {h) e le eliolv sis of 
ainniomnm slanniehloi xle ; (e) e h elnd} sis ed polassinm sl.mnx-hleiride ; 
(d) ele-drolysis of slaimie bromide ; and (e) llx- pre*paration of slannic 
sulphide from (leelre)lytie tm and the* estimation of ils snljilnii by oxi- 

‘ iS( I tins se'iiL's, vi)l 1 |» S') 

‘ Si>i II iii.ilKs eiii '1 il.eiixeiM, |f JV) 

(;ii\ Leiss.u, \iifi ( 'A(/» , Isl l,8e), lx.) 

• * lie l/e liei'', liitinh n, ISlJ, 40, -72 

“ Miileli'r, ./ /inikl ( hftii , ISIII, 48, 8) 

*' \ Li.'iixle ie‘11, ./ef/e/e '■Ao , lS.»S j) 1X8. 

■ Deiinas, .Irt/e (.him , 1859 , [iiij, 55, 150 

« Vein eiei rhuiN, Cn.upt nivi , 18S.1, 100 , 52 

■ iiongeiitz aiiei ('lasse-n, B^r , lS88, 21, 2'.)00 
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di9i(pg to siil])hato and |)rt‘rij)itating .as barium sulphate. The mean 

result deducible IVoiii the ratios found by these investigators is Sn — 

11905. 

Six years J.ilci Selunidt ^ made a single (let ernu nation of the atomic 
weighi of tin, ^^hIch \i(l(l(‘d the value lltS*t9. Meyer and Kerstiin*® 
as the risnlL of two deh rminations of the ratio Sn : SnO^ Ibimd the 
value 117 51'. 

Ihidonbledly the mos[ aeeiirale work is that rix'eiitly publn^hed 
by Briseoe,^ who dildiniiud the valut* for the ratio SnCl^ : 4Ag. 
Slannie ehloiide w’as ])repar(‘d bv direct union of its ilements, piirdied 
by fractional distillation, and collect ed and sealed in glass bulbs. The 
chlorine was estimated by breaking one of th(‘ bulbs in a solution bf 
silver in nitiie acid, whereby silver chloride was j)ieei])itated--the 
process being eoinpleli d by subsequent addition of silver nil ralesolution, 
and linally by litralion with standard silver nitrate or sodium ehloiide 
solution, aeeoiding to eiieumstane(‘s. The process of the titration 
and I lie attainment of th(‘ end-point were ascertained neplulonutneally. 
From the nuan of lifledi higliK eoncoidant expiTinieiils tin* atomic 
W'eighl of tin w.is found to be* IIS (i9S. 

The following table summarises the results of the diffennl investi- 
gators nfeiTdl to above: 




Xo (.[ 

AIdiii'i* 

Aiilhoritv 

Ratio Measured 

Kxpi ri- 
ineiils 

\\ eight ot 
'I'm ‘ 

Gav Lussae. IM 1 

Sn:SnO, -= 100: 127-2 


117 0 

Ber/elius, IS1‘J , 

Sn • SnO, 100 : 127-2 

1 

117 0 

Mulder, IS 19 

Sn : SnO, 100 : 127-517 

3 

110-3 

Vlaandereii, 1S5S 

Sn : SnO, 100 : 127 082 

2 

118 2 

Dumas, 1S5!) 

Sn : SnO, - 100 : 127 105 

2 

118-00 


Sn('l^:jAg -00 207: 100 

2 

117 98 

Van der Finals. 




18S5 

Sn : SnOa 100 : 127 102 

, 7 

118 07 

Bongart/ and 




Clasi)en, 18SS . 

i Sn : SnOa - 100 : 120-877 

, 11 

119 ()(> 


1 Sn : (NIIJ.,Siit’Ip, =- 32-309 : 100 : 

: i() 

119 09 


Sn : KaSnCi,, - 29010:100 

10 

119 07 


SnBr., : Sn =--- 100 : 27123 

10 

118 97 

j 

Sn : 2BaS04 -- - 100 : 392 050 

8 

119 08 

Schmidt, lS9t . j 

Sn : SnO^ -- 0-5243 : 0 0059 

1 

118 19 

Meyer and Ker- 




stein, 1913 . | 

Sn : SnOa =- 1-9719 : 2-5087 

2 

11751 

Briscoe, 1915 . 1 

i 

SnCl^ : 4Ag = 00 3742 : 100 

15 

118-698 

1 


* F W. Sflimidl, lici , ISM, 27, 274.*? 

* and Ki'rstf’in, Ihy , 11113, 46, 2882 

* V'/'jn'i Chnn Sor , llltr), 107, (13 

* In cnU'iiluting tlip ■itunnc weights fioni the latios given in this tahle the following 

fundamental values have been used (1=1()0()0, H — 1 OOTOJ , (’1-35 457; 

Br = 70 UlO , Ag --- 107 880 , Ba 137 3C3 , N = 14 008 , K 30 100 , S - 32 066. 
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JIk' 118*70. N\lucli ;i|)])(‘.Mrs to iipjmKK li \<‘i\ (‘I()n(Iv 

rue Mas in IDlij .u*ci*|)l((l I)\ Die Atomic \^'( lijliis Coininil Icr. 


AIJ.OVS or TIN 

_ Tnr roiiMs in.ni\ imjXMl.inl .illo\s, aiul lli»sc max he dixulcd 
into two cl.issi s (liost xxliK-li conlaiM coniu i aial llio.i winch do 
iioL 

iili'^Copper Alloys. 1 In inojxilKs ot llic coppi i'-[in .illo\s (he 
hi(iii/(s Ixar ii<» d( liiiil( kI.iIkiii Io (h<»s( nl IIkii (iiiisIdiMid nicl.ils 
W Inist (ill i(stll Is soil .111(1 (iisil)|i. ils I Ml x^i ( -,'.1 \ (‘ .iddilion to co|)])( r 
jnodiiccs I h( lollowiiiij cliaiii^cs I*i\( |>i i ci nl nlliii \ i< Ids .i ik.iiIx 
cop|)( i-coloiiH d .dlo\ wlucli is (ttiii^di .iiid si imi'i .ind iiiiich hauh i i iiaii 
cojijicr, so lhal il max lit* (mploxid (in (»iin.i« 4 c and Inr ciii^i.ixin^ 
xxork. I ell p('i ccrd ol liii 1 ( 1 X 1 s a iicli xOinvx .illox which is slill 
Jiaid(i. so lhal il iinisl he c.isl . and xxilh (In .iddiimn ol iiioK lin np 
to *J() p( 1 c( 111 Ihc .dlt)X h« conn s sonorous, Ihonnh sonicxxh.il hiiMic, 
hn( sinl.ihli for ni.ikmir sin.dl hells Wilh 1‘inllnr addilion of lin np 
to ‘J (■ p( 1 (Mill an allox' is (dil.nind onl ol xvhnh lin l.iiifisl lx Ils jik* 
cast, il Is d( cid( dix hiil I h and h.is .i i(i( x fiacliih \\ In ii jx i (mmI 

^♦1 111* 1'^ naclnd lln allox is xxhih* and (Muishlnhs spicnhnn nnlal, 
and Is so 1)1 il 1 1( lhal il in.ix lx poxxdt n d in .i nioi I .ii d'ln hiillhncss 
coninnn s hll .ihoni o.> p( i (m nl oflm is pK s( nl. allci which Ihc liardin ss 
diiimnsln s ,‘is piii<' (in is .ippio.icind 

'rin I in-(M)pp. I <illox s aic hen snnnnaris< d ' • 


• 

i)f I'm 

i\alutr of ilhif/ 

a 

l>ion/( loi (M)in.iU( and nndaU (,i hllh lin olhai 
KplaiMd hx /me), lioman nails, (ii^mniis' sofi 
^nn-nu lal or “ hi.iss( s 

7 

Hion/(‘ snil.d>l(' lor nialln nialie.il inshnnn ids 

«•.) 

Hi(»n/( snil.ihh' lor w In 1 Is 1 o h( enl xxilhttilh 

« 

Soil hron7( of the anennls. !i K) p( r (m nl lor 
jj[nn-nn lal ; 10 12 per (m iiI lor nndiiim i ni(i- 

in el s’ “ Inassi s " 

12 1 1 . . 

Ilaid hioM/,(‘ of (In- alien Ills, ns( d lor weapons and 
tools Neixx ns(d loi <ni(nn<rs’ h.itd lx.inn<(s. 

10 

Sol'l mnsieal lulls. 

IS 20 

Chinese j(on<(s and e\nih;ds. 

20 

Small house lulls; Indian 2 *io;(s. 

22 

Lai<(e house lu Ils 

2 1- 

LmiiL for lar^e chnrch lu Ils. 


Ofh n also a hi lie aisenic SjxM’iilnm metal. 

CO 

“ mp(T.” an .diov ns« d to haiden p(wter. 


Dron/c i.s liardciud h\ a pro(M*ss op])osit<‘ lo (hat cinploytd xxith 
steel. InsUiul of lKnii( sinhlciilx coohd hy phnii^ni!' into xvatcr, it 
is slowly cooled to indiuM* hardness ; il* snddcnlx' cooled iL hccomcs 
sol't and inallcahlc. This difference is dne to the diflcrent kinds of 


VOL. V 


Vide ’Ihoiiw, Jh(li07iajy xdI v, ait 'lin(lUi;i) 


Y 
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cry. tals that arc formed at different temperatures.^ Repeated ham- 

nierinj' and cold workintr of bronze I'reatly inerc^ases its hardne.ss. 

Two eoin])oiiiuls of eoj)p<‘r and ini are known - : CiijSii and t!uiSn. 
The cMsienee of-lliese eoinpounds, howesei. is probably insiilUeient 
to aeeoiint for I Ik* ninarkabh* dillerenees in jiroperlK'.s between the 
various jillo\.s and their eonstiliunt inelals. These alloys are probably 
to be* le^auled as inixlnres of one or tw'o deliniLi' eoinpoinuls with 
excess of a solid solution of tin in eopjier. The ileetncal properties 
of eopper-lin allo\s have been sludu d by Ledoiix.-* 

Jhonze hnnuift metal, em})loy(‘d for the bearings of locomotives, is 
an alloy coni[)osed of copper 77. tin cS, lead 15 jiarts. The presi'iice of 
lead dinnnislKs loss bv w'ear and reduces local healln^^ The function 
of the tin is to provide a solvent medium for cojiper and lead, wdiieh 
do not mix w'ell. 

Vhosphor-brouzc is broir/e containing 5 to 15 per cent, of tin and 
from a trace to 175 per eiMit. of phosphoius, add< d in tin* form of 
phosplior-lin. The phospliorns confers ^rreater hardness, elasticity, 
and louj^liness U|)on the alloy. ]ManiraiK‘se and silicon bronzes are 
also ni voi{ue, bul Ilu v coni am little, if anv, Im. 

Other Tin Alloys. Tm mlers into the composilion of tlu* followin'^ 
alloys, whieh contain little or no copper: common pewler. soft solder, 
type-met, d. Hritaiinia metal, ])lal (‘-pewter, while bearing metal, and 
the \arious fusible nu tals. Only soft solder and common jiewter will 
be consuhred here; the other alloys contain antimony or bismuth 
and will be discussed in Volume* VI of this sei k s. 

Tm and lead will mix m all proportions, the allovs produced are 
more fusible* than either se*parate mi tab and are like'wise liarder and 
tou^die r. There* IS no e*Mdenee*, howe\(*r. of tin* (‘xislence* of any 
compomid of the two m(*tals. The* lead-lm eute*ctie point lies at 181° 0. 
at ‘Jt 1 , •domic per cent. Pb‘^ (r^;3G*() percent Pb by wiie^dit). 


No 

I'm 

Jj<‘.i(l 

Mellim.- 
1 pi tint (’ 

_l 

No 

'I'm 

1 l.,ead 

Ml Ilin^- 
pnml ' (' 


Pure 

had 

:J27^ , 

7 

]\ 

i 

1 1 

1(58° 

1 

1 

25 

202 ° 

8 

2 

! i 

171’ 

2 

' 1 

10 

2s;3° ; 

0 

:) 

i 1 

l.SO’ 

8 

1 

1 

2 () 0 ' 

10 

1 - 

1 

1,S5° 

4 

1 

, 

250 

11 

5 

1 1 

ltI 2 ’ 

5 

1 

1 

*>‘>7 ' 

1 

1 -' , 

<> 

1 1 

101 ’ 

() 

1 

1 1 

: iss" ■ 
1 i! 

] 

i 

Pure 

1 till 

1 

281’ 


Soft solders are alloys of tin and l(*ad in varying j)roportions ; they 
occasionally contain bismuth, which low'ers their melting-point. The 

‘ Vule IJpsch, MeiuUo>iraphf 1910, p. ,*U9 

])csi-h, ./ Iruit Mdfth, l‘)09, I, 227 
I^hIoux, (Jompt reati , 1912, 155 , 35. 

* Deifcns, Zeituth anonj Client , 1909, 63, 207 , si*o also Gucrtler, Zeitscli. Elcklrathem^ 
1909, 15, 125, 953; M.uzuttu, Nuovo. Cim, 1910, [v], 19, 1 215; and IrU. Zeili^ch. 
Metalloyraphie, 1911, i, 289 
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table on the pre vious pagr (Tomlinson), showinpf flu* comjiosilion oi soft 
solders, \Mlli their nu Hmir-])()iiits, illusli.ilcs the mlliu Mec of .idinixtiirc 
upon Ihi- im l(iULj-])()mls of iiu l.ds. 

Oiduiary soft ])luml>irs’ and hnnun\ sold< r is made’ of i cpial juirl’s 
oi till and Ic'ad ; line tinnie n's s(>Idi r coidams 2 pails oMin lo I of h id. 

C'onnnini PmUi.- 'I'lic ton^lusl aiul liaulcsl \anilv of p(^sl^T 
eonl.iiMs j)ai Is of tin 1(» 1 ofKad, tlu piopoilmn nuiN , llo^\(‘\(r, rise 
as hiLjli .IS I of till to 1 of had. 

The follow nnr bibliography of the all<*ys of Un may prove nsi fnl : 


UIIlLKXiU VPIIV or \l.LO\S OF TIN 


Al 1.0^ INIJ Tl I Ml M n I M M \( !■ 


‘Mmniniiiin . (Juill**! ('uni/'t n mt 

\iiiliruii inii I I Ml. /’/.'< /.'<<// Sni 277 

iMiipir.i.l / /.»/ , n.iol. .S, J{{ 

I iViliiiix, iomil iPinl , I'Hli. 13S, 1 I .'O . l'M)7, l-p"), 

I I.-)!') 

, IJuMI, /t tl <h KlhUi/ ( In III , llMlIl, .p>, >11 

j iSiitiislimKoll, ./ /.’(«ss /'/’v' < /,< 1 1 Six I'MKs, I-ii") 

\ntlin()llV . . < implull, / l//<^/ < III I" S' , I'lOt ,>()^ I.IIM) 

I ( I, ,/ I‘lii/''II 'll ('III III I'Mil) 10, 'I'l 

j M(('i\ / liiifr (hill' s'lii Mini, IJIl 
l\n|| lilllllliill ,ll|ii ''<>1111111)11. J /7///S ('Iti'IH 

! Sii, , IMl I .1^, l.'lll 

• L< H)U\, ev nii'l , I'M; 1156 I7i)l 

I’onlia, Ann ( linn mml ^ I'll.t, 18, 17 

Anliinoin , oipp' r, lion, and ' 

Ic.ul I’oiitio, , 170*2 7, n*‘l 

AmIiimoiin .iml hi iiilmih sr . Williim^, /iil'^ih nii'H'i (Inin, l't07, 55, I 
Aritiinoiu .ii)(i Ii <1(1 Loll)' Mihilhinfii , I'lll H, 7, K1 

( '.iin|)lii I!, 'Iinl , 1012,9, 12.’ 

\ii( inioi'N , ( ojipi I, <111(1 I) .ul 1 )( iiK'H '( . / hill / >/ I I'l III , lOri, 5, S12 

iiiMniilli Livv«. riiil Mmi . lOdl |mI, 8, 10 

M.ik iiiii, / /«’(/'«'> 1 ‘liif ('Inin Siic , lOdS. /|o, .'I'Hl. 
lil'«IlMll II .111(1 Ic, id . Ml' |)li> 1(1, ./ I‘lii('iitill ( 'In III , 10d_’ 6, MO 

lii'iiiiilli l< .1(1, .111(1 ( .iiliniuiii isioil' I, /( //'(/( iiniiij ('Inin, I0d7 . 51, I'm 

I'.ii i.i\ .dio and Sit(i\i(li. (nt ifl'i, 10|J, 4^;, 1, OKI 

(\iiliiiiiiiii "si 1)1( i( h( I . I III /i,t>ili M ' liillixfin film , |0I2, 2 , Ji 

(UHilld, ihni , 1012, 2, Od, 172 
M.i//<'t to ihni 1 ori. 4, ri 

(’.idimiiin .111(1 /IIU' . \.nit u/, y I it I '1 >11111111 (him, 1011,8,, IJi 

\ .1 iiIk rinf ('Inin Sim , IOM.46, 2211 
I loii'ki, (/'.(/( oiii'i'i ('Inin, lOdS, 57, l.S,") 

V02. 1, ihnt , lull, 72, .110 

1 Mil I III'/ ('iii>'il Ill’ll, 10d7, 144, N‘12 , 145, l"'i, 
">d ’ 

L( wUmij.i, Znl'-ili nii’iiq ('In-in , lOtih. 51), *20*1 
}si 111 iiil'>i IniM Imv and l>(l\nslv\, th.il , I'.nis, 59, liill 
II) '((.(K .did X(‘\ill(', /7"( liiiif .s'/>» , lOdl, 68, 171 , 
1 Odj. 69, :**2n I’hil Ttnii'i lOdi. A, 202, I 
Sill plu'id .and Fjilon, / 1 ‘hijsniil ('/nm , 11M).'>, 9, >111 
Shi'plurd and Lloii^li, ihnl , lOdU, 10, (iliO 
Hl'W, Aindiful, 100"), 30, .{1)1 

S.u kiir .ind Pick, Zahilt niionj ('Inm , 1008, 58) 40 
(lioliUi .iiid Tavanti, (JazzrUa, lOOS, 38, 11, ‘209. 


( '.il( iiiiii 
<\'I1UMI 

Coliall. 


(JopptT 
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BinLlOCiinPIlY OF AI.LOYS OF -ctmlinurfl 


AlLO\IN(! Kf.I'-MIAT 

Pill ill Ml' 

[Cuiitd ) . 

Ledou\. ('oinpt n ml , 11M2, 155 , l‘J4S) 

Piiscinn . 111.1 Hask<i\, ,y liu'^> I’liif^ Climi -S'ik , IDl.t, 


45 , 71(5 

(l*Mnnn'll, .7 »SV ('Ik m /?a/ . lOlIJ, 32 , .581 

Haiiiihtnn, .7. 7 ms/ Metals, IIM.-,. 13 , 222 

f '(i|i|>iT and yiiH‘ 

Ma*'\, Zdlseh plnfsiknl ('hem, 11 ) 01 , 38 , 281) 

('n|i|i(’t and inaimanortc* 

Push anil (li.iy, I'loc Ilm/ Sa> IJilin , 11)10, 31 , 8.5 

(lold 

Vn^el, Ztilsch amnq t'lnni , I'lO,"), 46 , 00 

Moissan, (Uanpt . 10(1.5, 141 , 077. 

linn .... 

Is.iae aii*l T.iiiinutiTi, Zatsch. anorg. Clam y. 1007, 53 , 
281 

1 ^‘ad ..... 

. 8 . 1 * 1 nr ('hem Zi nit , 1001 -, 1 , S()3 , 11 , lo 22 
(liU'>ti. thu! , l')0l». 1 , 1102 
rHi}!;, llnll SiH (him, 1007, |i\J, i, 905 
l‘«,si nli.im . 111*1 Tu* kei, Plul Ttans , IDOS, A, 200 , 
S.i[insluuk*ill, .7 Ilnst /'/n/s. ('fnm Sm , I'iii 8 , 40 , 'ij 
llol/iii mil. I'hatin Zaih fi , lOOS 49 , 117 
l)i‘i;*Mi-!, Ztihd' amn<i ('Inm , 1 ‘I 0 ‘), 63 , 2o7 
(lui'ill* 1 , Z* ds»// I'll kliiii hi III , 1001 ), 15 , 12 , !).,.i 
M.i//*,lln, A//*,.** i'lm 1010 [\ |, 19 , 1 , 215 Ini 
Ziifi/i Ml tall iiini film , lOll, i, 2S1) 

L(\ul and inaLmcanim 

Vnii \*;;i"'.i*k, aiiouf ('Inm , 1007, 5 ;, .*(t7 

Load and /in*' 

lie\ i-.M.il\. mo . 111*1 ('<*ceaielii, Car.itla, lOIl, 41 , 11 , 
2(,!). 311 

Ki*‘li<‘il»‘i. (h'nUri ( l‘i m Znt, 1010 , [iij, 13 , 185 

Liilnum 

LeOoan, (Uunpl nml , 1002, 134 , 2 51 

XisM'iisoji .md (5*)to»rmo, ('lum Znt, 1002 , t 26 , DSI 

Mannosiuin 

V*»ii Siisls* lnnsk\, Z< //s*'/i An/s/ Min, loii.l, ^ 8 , 2n1 

1 llolliiil and Puli.iUN, liuli tSm tliim , llMM. (ml 31 , 

' 1128 

, (Iml,*'. Zntsili annul ('Inm , 100.5, 46 , 70 

1 Kii'n.iknll and M**[».m*»n, ihnl, 1005, 46 , 177 

Mmif'aniHii 

M.iitin, ,1 mm I’liihiL, 1012, |i\ |. 39 , 02.5 

Mnu'uiy . . . . 1 

1 Koo/fhnnni aini \,ui Jl« lemn, i’/oi l( ALtnl ]\ilriml> 

1 Anisli iilam, 19((3, 5 , *173 

1 V.in L.I.II, ihnl, 1003. 5 , 121 
' Van Ihli'ien, Zi ilsch mnnfi I'hem., 1901, 42 , 1 10 
Pidi.iids and Wilson, Znt^ih [ilnfakal ('Inm, lOlo. 
72 , 129 

Sii'veils and Uelme, Her, J913, 46 , 1238 

Mprcury arnl silver 

.loMii'i, I'tans ('him Sm , 1911, 99 , 19.5 

Iviii'xlil .ind Jovnei, ilml , 1013, 103 , 2217 

Niukol 

Vi^niiiDiix, ('nmpl tend, 1907, 144 , 039, 13.51, 145 , 
240, 120 

(luillet, iftnl , 1907, 144 , 7.52 

VoHs, Zeitnrh anorg ('hem, 1008, 57 , 34 

Potass Mini. 

Smith, ihid , 1007 , 56 , 109. 

Platininn .... 

Doeiinekel, thnl , 1907, 54 , 333 

Podkoju'ell, .7 liiiHn J’hits (Jlicm Sot , 1908, 40 , 2)0 

Silicon .... 

Tainani, Znlsrh nnorq ('litm,, 1009, 61 , 40 

Silver .... 

Petrenko, ilnd , 1007, 53 , 200 

Moissan and W'lt.mahe, i'omiif rrtnl , 10o7 in, lO 

Sodium .... 

Math(i\vson, ZtiLsili atnitg ('Inm, 190.5, 46 , Ot 

Steel .... 

(iuillel, (tompf und , 11)0.5. 140 , lOSl) 

Telliiiiiim 

F.u, ,7. Amtr Chttti»Sor, 1907, 29 , laO.5. 

Kob.iyashi, Zetheh anotg Chnn , 1910, 69 , 1 
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COMPOUNDS OF TIN 

'I’m fomis two St ms tjf comiHMiiuIs m winch the nni.il is hi- iiiul 
(imuli i-\ .»l( III It sptcliM l\ No is known loisisl, hnl x.inoiis 

sl.iinnc ;ilk\ Is h.i\ ( lut n ohl.iim il, ;is wt II ;is oIIk r comptMinils conf.inmn; 
h\ (liocni 1)011 i.nliclts. winch (Incnhilc ihc .iimIol^v lulwttii lin mid 
cmloon. vM.nmons oxnh is snllicnnlh h.isic lo loim :i snlph.de <ind 
an uiisl.d)K inli.dt , sLnnnc o\ah Toiins .i sniph.di', hnl sc.ncily a 
inhali', and d is chaiacliiisul h\ lh<‘ power lo polMia rise, romim^ 
fj-nu lastannu* acid and ils d(ii\.di\(s 

The lollowini^ aie the ehiel eoinponmls of lin : 



HiV MINI' '1 IS 

(»I \l>i:l\ MINI’ 'I'lS 

Oit^.vnn-riu t illu t iiini.<'iiii(li 


^mcii ,1, .'^'U^’dl .h cl* 

MiidikU'-. 

Snl',. llMtl',. Il.snl', 

Sii)',, K„Snl'„ 

( hloiulcs 

Sn( f, , Sii< 1 , Jl 1 n. md 

.‘hiiCl, , v.iMous IimIi.iIi's , 


ol 111 ( li\ di.ilc' 

K ,Sii( 


ill H of 1 iSid 1 , .Mid II ,Sii( 1 , 


Oioiiii<l<i( 

.Siil’.i,, hills ol llSnIli , .md 

iSnOr,, lIjSiiOig 


II .SnOi , 


Iddulis . . : 

Sill . , .SjiL JH ,< ) , K.Siil ^ 1 

Sii 1 , 

Oxul.s . ! 

Sni »’ 1 

1 SiiO, 

ll\ (lin\i(|( H 1 

Sii(nll)j , J.MiO ILO 

II.SiiO,, ll.Sn,()„, 

■ .•.sill). Ml ,0 

( )\\ 1 ll'l >I 1<1< 

V 

Sn,().,l’h JILO 

.S|ll|lll|ll( s 

."^iiS , tliiii 1 iiiiiil' ' 

SiiS, , tliiosi imiali s 

Suli.li Ill's 

Sli^O. 

Sn(S(),), JIf .0 

\iM .1. •. 

^I|(N(» ). jnll (» 

Sii(M),), 

riiosj.lnil's (Sn,l', Ni 1’.) OlKispIin. (iii.l. Imil. . \i . m.l. 

St 8. 

s (.sii Ah^, SOjAs,, SiiAm , 


()K(.\M( COMPOUNDS Ol’ TIN 

Tin Tetramethyl Ol Tetramethyl Stannane, ' Sii(( llj)e |>i<i>ared hy 
llie mhi.K'lion ol’ lin-sodinm allo\ .nid iikIIinI loilide, is .in (Ihireal 
iKinid ol’ (hii’ilN i:ni. .il 0 , m-ohihh m w.ih r .md hoihii«r al. 7S M’. 

SoriK Itn Innnihiil imUdv. SmC II ’V';‘ 

ileiisilv ol L' 1 1-5 <d 0 is loinud ,il I In saint I lint “ 'I'm (UincUnjl 
di-wdidc. SniCIIdJi- humid h^ ht.diiui slnil-lm s\ilh im lh\ I iodide 
■il I “id C loims \(llt»w moiioilmie eivdals whieli nail .il 80 C 
foriimma lupud wlnehhoiis.il -J-JS C (( .dionrs). To Ihis eompoimd 
time corn .poii.l Ihe e.m/r SniC llj),0, diiinthifl stannnm:, Ihe rldaridc 
Sn(C'll,)-^ I >' III. llmi,^ .il 00 C'. and hoilmj^r ji|, 1SS"-100 and llie 

1’"'''"'- 

.stannic ' hinmulr. M.CII ,l!i ,m Him- .it, 5^ C . ; n, ethyl 

.stannic wilnlc. SnVWA.. mH-'. I-"'';"'; xhIHmi; -H, S(. t . arc- larinal 
l.v llir iclioii Ml' lli<- n>iii''li"a'liiiK .••'I"!;*'!' Ii\ on niclhyl .stannic 
iirid slifll.OOll. iiiwl aiv ...MN.rU.l inl.. Ihr lalt.r suhsl.incc by 
tho adion o.- aiMMi-.Mi.i M.lli>l stannic aci.l, which may be icfraided 

1 siiiiii h ,111(1 Kiaiiiii /Vt///*. ('him ^oc , I'llJ, loi, 

. .s»«^ . 1S7-*. 8, 75 . .Umlu,. 1800. 1.4, 372. 

3 SliukofT./l./ , 38» 
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as methyl ftiannonic acid, CIIj-SnO-OH, is obtained by the action of 

methyl iodide on ]>otassmni stannite, thus ^ : 

ll SnO OK d- ( JI ,I + KOII ClIs SnO OK + KI + II^O, 

the result ii)<» potassium salt being then decomposed by carbonic acid. 
When ^\aMned ith alUali solution, however, th{‘ potassium salt gradually 
produces diiuetliyl stannone aiul potassium stannate, thus : 

‘2(^IIj, SnO OK = (CIl3).^SnO + SnOfOK),. 

by a change analogous to that which acetate uiideigoes when heated : 

‘iCIIaCOOK = (CIl3)2CO -f C0(0K)2 ; 

and when dimethyl slannone is distilled with alkali it yields trimethyl 
stannic Iiydro^ride, (C'll j)3*Sn-OII, thus*: 

:i{ClIj)i.SnO + ‘2KOTI = ‘2(0113)3811011 SnO(OK),. 

Tin Tetra-ethyl, 811(0311^)4. prepan'd from zinc ( lliyl and stannous 
chlondi',* accoiding lo llu* following n'aeLion* 

2S11OI2 + fZiKC’allslz = Sn((\3ll5)4 + Sn + tZii(( 

is a combustible lupiid ha\ mg a density of 1-187 at ‘28’ 0. ; it is insoluble 
in w'ater and boils at ISl^ 0. Tin iu-ethyl iodide, 811(00115)31, exists, to 
which there correspond an oxide, liydroxide, and vaiious salts; like- 
wise the di'Cthyl di-wduh', 811(03115)312, and salts such as sulphate, 
nitrate, acetate. The (tliyl stannic compounds r('S(‘mble those of 
methyl described abovc.^ 

Tin Tri -ethyl, [8ii((-3ll5)j]o, an analogui- of cthaiK', is formed wdicn 
the iodide 811(00115)3! is distilled with sodium 5; tin di-cthyhSnoiC^ll^)^^ 
an analogue of c'thylene, is also knowm. 

There are a feu' jiomts of general interi'st connected with some of 
the above compounds. Melhyl-ctliyl-n-])roj)\l stannic iodide. 


on 

C2II 


\n/ 

/ \. 


7 


was resolved by Pope and Pt-aehev into optically active' components. 
Triinethvl staiuiie hydroxide, 811(0113)301!, behaves as a very weak elec- 
trolyte, though it is a somewhat stronger basi* than aniline.'^ Di-ethyl 
stannic sulphate, 811(03115)2804, shoAvs a molecular weight in acpicous 
solution by the cryoscopic nu'thod, of 185 to 191, inst('a(l of 278, which 
the above formula w'ould indicate, Avheiicc it is concluded that this 
salt is largely ionised in such solution.® 


1 G Meyer, Bn , 1883, 16 , lUl , PfeifTei and I^dmardt, Bn , 190.3. 36 , 1054 
^ CahourH, Auiinlen, 18(50, 114 , 

® Fiantliind and La\\iaiiee. Trauft Chim Bor., 1879, 35 , 130 
« J’feilTeT, Bn , 1902, 35 , 3303 ■ 

^ Ladenbur^, Annalen Suppl , 1872, 8, 75. 

* Pope and I’caohcy, ]*roc dhem Soc., 1900, 16 , 42, 116 
’ Bredip, ZrM phymkal Chem , 1893, ii, 829 , 1894, 13 , 289 
® Werner, Zcitach. avorq Chem., 1898, 17 , 91 
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TIN AND TllK IIALOCI’.NS 

Stannous Fluoride, Snl* ;.. i'* InniKdwlun llu nulnl or I lie moiio\i(lc 

IS (lissohid 11) IndiolliKu i(‘ .ifid, Jiiid is ohl.iiixd on i\:i|)uMlion o! (In* 
solution in winh, nionoflimc |»ii''nisd sI.iIjIi in .in .ind (‘omjilitil) 
soliihic in SInnnons llnoiidr .ippr.iis lo (shmIiiik \mIIi li\dro- 

llnoi’K* acid and alU.-di llnoiidis roiinin^^ coinph \ acids and sails of the 
t}pcs lISiiF^and lL.Snl''| 

Stannic Fluoride, SnF,, has Ixs n pnpand 1)\ Ihc intiraction of 
stannic cliroiid( anil anh\ dions h\ dioi^i n lliioiid<-al liiLih h nip( lal iin 
It is a sn(n\-\\lnlc. cr\slallnn. hx^noscopic siihslaiui, \\liicli li is a 
(Icnsih of I 7<S at 1‘) (' , .iiid lioils at 70 .) (' IhiI snl)linM s Ihis 

tempi lalmc It dissoKts m w.dii with t\ohilion ol iu.il, loiinm^ 
a sohilion from whieli h\diat(d slamm* ovale sepaiahs on la al- 
inj' or all<»^\lni^ lo stand. A solulion, which d« composes similaily, 

IS ohiamed In dissoUinir the Indialcd o\id« m Indiolluoiie aeid. 
Stannic lluoiide conilnnes with .inimonia and ollai bases, and also 
wilh alkali and other ilnondes to i’oiin slaiinillnoi id« s ol the l\[)e 
M',SnFfi. 

Stannic lliiondi ’ loinis with ammonia al i:i (' ila while solid 
SnFiMIa, which can lie healed to 100 C with le)s> of \eiv lilllc 
ammonia; the eompoimd SnF,-NlI{ is leunad when si anna* lliioi ide 
and ammonia .ii la ale d m a sealed lube al 1-0 l-JO (. Holh 
compounds (lissoh e III wabi.lail Iheii solnlions ei.ahialK de conijiose*. 
Aniline', p\iidine‘, and epimolme also ten'in addilne* compounds with 
stannic lluoiide*. ^ 

The *stannilluorides were fii'^t m\ e'slie^ale el by Mai 11^11. le* ’ I hey 
are isomorphous with Ihe conespondm«r complex lluoiide s o\ sihe*on, 
lilanmm, ^aimanmm. and 7ne*onium 

Sodium Stannifluoride, N.» .SuF,,. is oblanad In e*one*e nhal 1111; a 
mixed solution of h\ elie*lluoi le acid and seMlnim sl.uinale* Jl is soluble 
111 10 to 'JO pails of wab r al L»0 i\ and m.u be he.iled slioaerly wilhoiii 

de'composiiion. . , , 

Potassium Stannifluoride, K^SnF,, II i^ obtained sinul.ulv lo 
the* sodnim sail, or by .iddinii poi.issium lliieaide solnlion to slaiinie 
chloiale.” II IS known m I wo lorms, m oel.ila elia and m le alats. 
The* rorme r is Ila* 1< ss soluble and moie* stable loim al uidmaiv le mpe ra- 
tme, both leuins aie* mue*h me»ie* seilnble* m lail than m e*e)lel water. 
llNdiOlluoiie aeiel is exolNed when tills compound is treated with 
(■once III rat e*d sulphurie* acid. ,,1,, 1 1, 1 

The sails K^SiiF,. Kl'^F and K>nl*,. KI^ 3lII have' bee*n oblaincd 

bv cmploMiie; e \(‘e‘ss ol ff>drolluone' .le id. ■ 1 111 s 

■ Ainminiiim Stannifluoride. (MI ,) >nl' ..l.lain. <1 hs 
bv th.- i.mi ...■ mk.t sail «.ih ‘*7';"';;'':'' 1.'".''“!',' ""i 

sulnlijite. It (TNstalhses m vhombohielra. I la* sail (MlJ^Snl « -MI4I 
has also been de^ciilK d. Stanniniioiide s of barium, slrontium, (‘al(Mum, 

. ‘ Maofznnc*. Ann Minf% 1S57, v, 12 , Fiuny, Ann Clnm Vhya , 1866, 111 , 

47 1 

W.Tinif'T. Her , ISSil, iq sail.* 

■* KiifT, Plate-), niiel 37i 

* Weelle r. ( Z> it , PHJ, 36, HP> 

B Maofinae’, Ann dcH Mim% I8)‘k M» I5i 221. 

• Einich, Slonatsh., 1904, 25, 907 
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nragncsiiim, lead, niaiigancsc, zinc, cadmium, nickel, copper, and silver 

were also prepan'd by Alarignac. 

Stannous Chloride, SnClg, is formed by heating tin in hydrogen 
chloride g.is, or by distilling the inelal or its amalgam \\ilh LIk* recpiisitc 
amount of calomel or corrosue sublimate. It nlso resulls liom Ihe 
dch\(liaLion of the hydrate SiiCl^-^HiD, b\ liiuing it o\(i siilplimie 
aeid in a vaeiiiim, or by lu'almg it in a stream of hydrogen eliloiide 
gas. Anhydrous stannous chloride forms a Iransp.iuut mass with a 
fatl\ lustre* and a eonehoidal fracture. It nielLs .it 250'^ (' , and boils 
at tioG" C.' or 003^ C'.,“ and is useful for obUimmg a vapour bal'n of 
constant high tempeiatiire. Fused stannous eldoiich* has n iuaikabl'* 
reduemg pio]U‘itirs whieh have been studied by Sandoimmi and 
Aureggi.'* Hiltz and Meyer' found the v.ipour di'iisilies al v'arious 
tem[)eraluri s to be as follow : 

Temin ralure ° C. . . G3G 078 (>99 7.59-0 790 2 1113 

Vapour DdisiU (Air 1) 8-55 8 57 8-19 8-20 7 7 7 0S 

Vapour Densdv (11 - 1) 123 123 122 119 111 102 

The thcoritie.il v.ilue for stannous chloride, SnCL, is 0-.53 (Air 1) 
or 91*0 (11 : - 1); lienee it is mhrrtd (hat some assoeiated moleeules, 
SiijCl,, exist m the slate* of \a[)our, l)ul lli.d lliiv an dissoeialed as 
the t( mperatiiK* uses. When dissolved in unlham*, ho\\(‘ver, stannous 
chloiide depnsses the fiee/mg-poiiit of this subslanee by an amount 
which corn spoiids with the loimula ' SnC'l^. 'Fhe heat ol loimalion 
of stannous chloride from its eleinints is : 

[SnJ -f 2((’l) [SnCl^l 1- 80,790 calories ; ® 

its speeilie heat hi Lvvi*en 20 C. and 99 C. is 0 10l(> Stannous chloridi* 
forms se\(i.d eompounds with ammonia.’ Drv ammonia le.iets with 
dry stannous (hloiide* m a free /mg mixture* Ibrming a >e llo\\ peiwde r 
h.uiiig the* eompositie)!! Sn(’F2\ll,,. which bl.ie*ke ns ein exposure* to 
light, auel IS ele compose d by measture iiite) st<innous <>\iele‘ and annneinmm 
chleiriele. At enehnaiv temperatures a niixluK* eif the foregoing ee>m- 
pounel with Sn(’l,NlIj” is pre)ehie'*el, whilst al 100' (’. only the* lalLer 
compeiund is leirme'el. At 120 300" C. a biowinsh nil eivsiallme 
substance liaMiig the* ee)nipe)silieMi 3SnC1.2 2\n{ iisiills; this is the 
me)st sl.ible eif the Ihiee* compounds, anel is only shiwly de compeiscd 
by water. 

St anneals ehleiriele* IS said to foinihvalrate*s with one*'*^aiid lour'^’ me>le- 
cules e)f wate*r, but the* dthijdrule SnCL.2lU() is the* e*om])e)unel best 
kiieivvn. This ceimpeaind, kneivvn ceanmeTcially as Tin Salt, is pn*pare‘d 
by ehsseilving tin in li\elre)chle)rie- aciel, and may alse) be* eibliune-el by 
dissolving the* anhydrous salt in vvate*r, eir stannous hyelroxiele* in ludre> 
chlorie aeid. It separates frenn its eonce-ntrateel solution m transiiarent 

> J’.ilt/. .iml Me*3(*r, Hit , 1S.S8, 21 , 'll 
‘ Md'iae*, Wnd Atitmhn, JSU.l, 55 , !!;"» 

3 iS.inilimmiu .met Auie-^m. (fazfUa, 1!H2, 42 , pj. 

‘ (\*i^l(»to. (lazztUfi. ]H‘IS, 28 , I 111 , -tl" 

^ '1 lioniHi II, Thumoilumisih,' i' nhtsiu liuinjrn, Knki*, (vStiillgaiL), ,1900, p. 207. 

“ la-gn.iult, J/e// C/tim yVe/** > 1H4I, |iii], 2, 1!.9 
^ (Soli.inopoulo*^, CntHpl tend , 1911, 152 , S(i.j 
•• IVrso/, Ann ('him I * In/ft , IS.’IU, |iij, 44 , 315 
• Ihtle, i'otnid nnd , 18.S3, 97 , 42 
W Si.he;uie'i-Kt;stncr, Comjpt rend, 1890, 50, 60. 
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moiiodinij* ])n^ms, nr iii ocI.iIk wlucli ]i;i\f n (IciisiU of ‘J 71, ^ 

at to .5 C and wlicn rmilur iKatcd Inst- u.iltr and hvdH>L;( M chhn’uk’, 
K‘a\ iiiir ii l).isu* cliloi idc. 'J'lns s.ill is\<i\ in\N.d(‘r. 100 grains 

nl \\at(i dissoUt s;{ 0 y^naiii^ Sn(’L“ .il O' I', .iiul LMIM s grains* at 
la (. Winn slaniiDiis chloiidc sohilnm is diinltd. IndmlNsis lakes 
place' willi si'jiar.ilion of tin* nisnlnl)l< basic t lilniidi , ‘JSn(()il j(‘l ILO, 
wliicli i(diss()l\ts 111 In dioclilni ic .u'ld , lli< sann pncipilab is pio- 
diictd on acconni ol' al inospln i n* n\id dion uilli ilii siiiiiillaiu’ous 
loiinalion of stannic clilond(‘, Ihiis 

dSnCl, ! ‘Jll.O I (>. 2>.n('l, ; ISiii()ll)tl 

Jills pn cipilal ion in.iv lx |)it\(nl<d l)\ k< i pm«^ llic aeidilud solnlion 
<'\ii' <rrannlabd lin. and .ilso b\ adding lailaiic acul, which foiins a 
comple \ ion. 

'I'hr .iclioii ot‘ <‘\c< ss ol‘ coiici 111 i.ib d siilphiiiic acid on Indratcd 
slannoiis chloiah' bikes place in Ihiei siu’exssnt sbens *. 

(i) ])( Inelialion ; (ii) hbi lalion of h\eln)'^( n e-hloiiele' lx Iwe-i'n ‘JO" 
anel 00 (' , (m) the le ae-tiein 


SiiSOi -[- -JlI^SO, Sii(S(),), ! ‘JII.O i SO, 


Ix-lwe-en 130’ anel JOO ’ (' 'I'hi (‘(•lliiwiiii' nae-lioiis l.iki* })lacc 
lx I W( < n sbiniioiis (‘hloiide' anel siilphiiioiis ae'id a I al inospln i le* l(‘nipi ta- 


il i iv s ‘ 

(I) l*imiar\ .;.Mi('l, ; 0ll(1 
(‘J) (’onseipK III ‘Jll .S "l II ,S(), 
(3) (’onseepKiil ‘JlI^S j SliC'l , 

( I ) (‘onv epient ILS j Sn('L 
(a) l{( laielniL' SiiClj | IKSOj 


I n..S(), 3Sn(l, I 3II,() l-IIoS. 
3ll,() ; 3S 
lll( I I SnS. 

‘JlK'l : SnS.“ 

I n.O SnCI, i ‘Jlll’l I II., so,. 


Slannous e-hloiieie* (oiiibiins with In ehoe hloiie* ae*iel anel with 
peitiissiMin chloiieh anel lexlielc in aejinoiis solulH)n to ioim ceimplex 
leins 'Fills n proxeel bv Ihe nelne’tiem e»reheliic (‘oiiehie*! i\ il v.''* The 
lolleiw inir e'oniph \ s,d(s. e'hloie»slaiinile s, h.n e* lx i ii isolale el • 

KSn( I. II .(), K,Sii( l, ll,0, K,Sn('l,2ll,0, 

(MI,),Snri,‘-Ml,0, IlaSiid, Ill.O,’ 


as well as III! flee ae leM I ISiiCl , 3l KO, wliie h nulls al 27" C. 
Slannoiis e-hleaieh is re.ieliK soluble in ,ileohe)l, il .ilso ihssi>l\cs 
111 ae-cbiiu.'' e I he r, and ellnl ae-e bit* \n aepieoiis se)hilion of 

slanneais e-hliMiele abseabs fiee* oW'jin, Ihe i.ile- of al)se»ri)l loii is 
I’euiLdilv j »i ( >pe a I le HU el bi the* eenu'e nli.ili<>'i < I Inelieie hk)iie* ae'iel jae'seait, 
anel is nine h inihune’eel b\ ceibnn e.ilabsMs** ( eanu cle el wil h this 


* ('hmi Sm , ls»J 

2 I'liM,]. \,n. 77 ///. , iss'i, (m| i7,.{?^ 

' Ml. Ik I .iimI Ki.int.Jxw chtin 77 ,,V' |s.-,|.!m| 41, 47s 

* llllliillil, I Hill'- (’III III (Sfii , llll.i, 107, l»{« 

^ ^ (iiiil'*, I hull Chilli ,S«'i . 1701.23, Jl 

'• .1 mikI Ib.Iiiiibon. J;//./ thin' .M.S 7 L>, 1 1, S'l . Imt . m . m I’niimur.-i 

. {Mnn Vull S,! Kifiito, I'.Ht, I, o{). (Ik* e*\isliii^ iKin-.siiiiu ett,ul)|i elil(.iule*8 ara 
kl'lSnCb 11 .eml JM'l Siil’l, L’ll ,(» 

’ M.iil'/illie*. \ilii Mill!'', iSi’^, |v| 12, I 

» Ktik'-I. Ilnlf I''l >50, 

* Nauiriiiiin. liir, 1 70 1 , 37, l.'OJ 
io Von Lis/e-viiski, JUr , IS'U, 27, 
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ability to absorb oxygen is the reducing Action of stannous 'chlorid^ 
whereby it is converted into stannic salt. Stannous solutions oxf 
pow'crfiil reducing agents, and find varied application. Thus an acid 
solution of stannous chloride reduces ferric to ferrous chloride, cupric 
to cuprous chloride, and mercuric cldoridc to mercurous chloride and 
metallic merciirv ; it also reduces dilute nitric acid solution to hydroxyl- 
anune, hl. aelies indigo, and converts b('nzene diazonium cliloride into 
jihc'iiyl Iwdrazine hydrochloride. Alkaline stannous solution redifces 
bismiil lions h\ droxide lo the black suboxide, IhO, and nu^talhc bismuth. 
Tin-salt IS list'd as a wool mordant for cochineal scarlet, lor dyeing Silk 
black, anti ftir weighting silk. It is also employed for reducing indigo,, 
in preparing “ pur[)l(‘ of Cassius,” ^ and in tinjilating. 

Stannic Chloride, SnC' 14 , was first obtained by Liliavius in 1.597, by 
distilling (ill or ils amalgam with corrosive sublimate. The litpiid 
thus oblained was tt rmed by its discox erer S})n iln.s vivi suhlimafi^ 

but wa,s known later as Spintus fuwans Lihavii. It was known m 
lO.'JO that a soluhon of ibis substance is obtained by dissohing im in 
arpia regia: and a Dutchman named Drebbt'l discos ired its yaliit' as 
a mordant by which the red colour of cochineal could be li\ed on 
cloth. 

Slannic chitiiide is jircpared by passing chlorine oyiT moltin tin, 
tin-foil, or lin-plal(‘. 'J’his latter mclhod is tmploMtl m the rc'c.wt'ry 
of tin frf)m lin-plat(‘ waste (see j). .T28). Tlu* read ion is ai'CoinpaiiK'd 
by the e\olnlion of heat and somctiiiK's Iighl. Manmc chloridt' may 
also be olilained by the .iclion of chlormt' on stannous c}ilt)iide, and of 
chloroform yapour on the dioxidt'.- It is reduced lo stannous chloride 
by ]i\drogen a( 1000'^ C.'** Stannic chloride' is a thin, eolourh ss^ fuming 
lupiid, which has a density of 2 2788 a I ()"' (’. ; it forms a solid at low' 
toinperatun*, wlucli mells'* at — and boils al 113 8!)^ (\ under 

750 mm.,'’ 11 C’. und.'r 757 mm.,’* and 11 11 C under TOO mm. 
pressure’; its critical tdiipcratiirc is 318-7'^’ and critical pressure 
30*9,) atmospheres^ Thc' heat of formation of this compound from 
its elements is 127,250 calories, and its heal of solution 29,!)20 calories.® 

Stannic chloiide dissolves \erv readily in alcohol, and also in ether, 
benzene, nilrobenzciK', carbon disulphide, and otlur iion-hydroxylic 
sohents. Jly the (xtent to which llu' freezing-points of such solvents 
are dejircssed W’lu'ii stannic chloride is dissolved in them, it is conehided 
that this eom])Ound undergo, s moh cnlar association m such solutions.^® 
Although a solution of .stannic chloride m benzene is noii-condiictmg, 
and so contains no 10 ns, it preei|)i talcs cupric chloride from a benzene 
solution of cupric oleate.’^ 

Stannic chloride dissolv'cs rhombic sulphur, vcllow' phosphorus, 
iodine, and bronmu' ; with turpentine it reacts so vigorously as to .si't 
fire to till' hydrocarbon. It dissolve's in excess of water, forming 

^ Sec thii vol. 11 

^ i;cri7. Ihr , 39, 249 

Ml \fr and Kristcm, Her , lOl.'t, 46, 2882. 

♦ Messon, eW//?/ rrutl , 1889, 109,940. 

Thorpe. Tra»<! Cfiem Sot , 1880, 37, 327. 

® W.ildcn, ZfUsrh phifsthnl. Cliem., 1903, 43, 385. 

’ Younj^, Tram. Chcni. 1891, 59, 911 
® yoiint;, I7nl Mag., 1900, 50, 291. 

® Thomsen, ThrrmnrihcmiMche Vniersurhnnqpn, Ente, (Stutlpart), lOOfi, p. 207 
Kalilenberg .-ind Lincoln, J. Physical Chetn., 1899, 3, 12 
" Kahlenborg, ibid., 1902, 6, 1. 
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a solution from which hydrated stannic oxide separates on bpilfhg 
OT standing ; nevertheless il unites with smaller quantities of water 
to form various solid hydrates. Demarehy first obscrveil, in 1770, 
that iMtli one-third of its weight of \\ater stannic chloride forms a' 
crystalline mass, ^^hieh A\as ternn'd huiit r of tin. This hvdrale, which 
is SnCl^SlIgO, IS also ealh'd ojrifmuriate oj tin. Hydrates eontaiiiing 
3, 4‘, and 8 inoheiilcs (»l water are also kiumn. and separate' I’lDin the 
sat4iraled solution ^\lth ^\hleh the\ aie in (<|mlil)iiinn at dilTin'iiL 
teniperatuns. Thus SnCljSll.O is\lal)le ii|) to 1 !)’ (*., SnC'l , r)II.,() 
is itahle hetwec'ii lU ('. and oU (\, SnC'l, tH.O hi'tween a(i' C'. and 
03^ SnC'l, 311^0 lx Iwein U.T C’. an<l S.T C’J 

Ihe liydioh sis ol slannie eliloridc' proec eds .leeordmg to I he sehi nx' : 


SnCl, -1- 1.11,0 ^^Sn(C)II), | IIICI . 


the exi ent ol I lie lis di nl\ sis as nx asiiu d l)\ eoixlix I is il n \\ lx ik qiiililx iiimi 
is attained d« pends, not oiil\ on (lx anioimt ol \\ di i pn s( id. hid alsoon 
tile teinpeiatiiie, tlx' laisiiig of llx t< nip< lal no li ixlmir lo lelaid the 
hvdroh sis w hieli is an exollx mix* k aehon. 'I'lx eumlxMalioii of slaimie 
elilorxle \\ il li li \ ( li (H'liloi le ai xl I o loi ni 1 1 ,SiiC'l,^ also iidlix ix’< s the ((|iiih- 
1)1 iuni.“ tlx eonduelis i(\ lx ing K s, lhan eotn spends lo I lx h\ dioehlorie 
aeid lornx d hv h\ dioK sis 11 has lx ( n shown I)\ Pl’tilh i Mh.d llx lirsL 
product of tlx h\ (liol\ sis ol a nO jx i end s(»hd mu of sl.iiiiiie ehloi xh*, 
(xtiriialls eooh (1 h' ie<'. is llx h\ diow 1 1 lehlui xh Sn(l OH, since Ihe 
eoiupoiiixl Sii( 1,011 11,0 (C', 11-), O can lx I'niahil alhi shaking out 
with (ther. 1M( ilh 1 suggisls that h\diol\si> pox'nds aeeordmg to 
tlx' seix iiK . 


Sii 


^ *1 V 

(Oil,), 


SnOM i MCI 
(OH,i,>, 


Aleohohsis NX Ids Hx* eoiupoiind SnC'l ,OC',l 1 , ’ 

The h\ (how ehlonde SnC’l OH. *211 ,0 ma\ lx widlni I Sn,!,/, , 111,, 

I (OH ) , I *■ 

aeeorduig to \V( nx r's ’’ s\sl(ui. so as lo (oin^pond with llx acid 
fSiiC'IpJI I to which also llx h\ diali d p<»(.is‘,iiim slamiah Sid ) ,K, UH.^O 
or |Sii(01 1 ),JI \2 «ipp‘ ‘Us lo he i< lal( d 

Slaiuiie ehloixle roiius \aixnis .xldilin eoinpoiiixls 'I'hns wilh 
aninioiua d \xlds a soluhle, wlnh powdii, which a<(oidu>g lo Itosc,"^ 
IS Slid, -Nil, howiscr olflaiixd a solid ol llx' (‘oinposdion 

vSnC'l tN 1 1 ,, which could lx siihlinxd nix'li.iicMd ui an .diix»sphn( of 
hydrogen.^ Tlie e(Hujx)iuxl wdli Jihosphux, USnC 1, ‘Jl'H is .i \illow', 
fuming solid*' \\ilh snlphui h liaelih*! xl( , slannx ehl'C'idr roiuis the 
eonipoiind SnC'l, -SC I which is also ohtaiixd in \«llow enslals hv 

' M(‘V(‘ilx)lli I, I'lill ><« •tiiih , Is'd |iiij (), s» 

" Kf)\\ali'\ nU\ , /.iil'.ih unimi ('htm I'lnn 2^, 1, mi .iI'h KdIiIi.him li Zdl’^rh 
phiifsilnl ('Ik iti , IXOU, ^3, J 73 
J l’iril1( t, /;-? , l‘»li.., 38, iMxi; 

^ Kisclx'i . M'Ku’hh , Issl. ‘5, 1-' 

^ Wcrix’i aixl I'ti'ili'i. Znt''h mn.iq (linn, JS'ls. 17, sj S,«. ilns wots vol ix, 
whrro Wi'iiu’r’s 'I lx »'i v isdi.ill uiili mdil.iil 

*> Ui'lliUTi ilixl i’.iii.iv.iiii), /. iinnn; ('Inin, 45 , 14'J 

’ Pot/if Anntifni, IS.,J 24 , In'l 
“ Porso/, .1«H ('him Pliih . IsJn, 44 , 322 
» Pose, Pni/if ill mill II, IS2'1 24 , I.V.l 
Rose, ibKl , 1837 , 42, r)l 7 
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thT; action of chlorine on stannic sulphide ; these melt below 30° C. 
and decompose above 10° C\ With phosphorus pcntachlonde the 
compound SiiCl4.rC'l5 ^ n soils : il forms colourhss, ghstcmn'r crystals, 
which fimii sIiookIv m Ihe air and have a [)im<,ant odour; wliilst 
with ])liosphoi \ I chloiide I lie eivsLallme compound S11CI4 POC'13, iiultmg 
at 5iS (\ and tlishllmg al ISO ’ is foimed.' 

Stannic chloiidt combines with dry nitrous fumes to form 
SnChiNgOa, a vellow' amorphous mass; and win 11 this substance 
is sulihmed, or the (ir\ vapours from aipia regia au p.issed inlo the 
chloride, 811^14 ‘JNOC'l is formed, and cryslallises 111 sliming oclahedra ; 
if, liovvev'iT, nitrogen pe roxide is passed into a chloroform solution ol^ 
stannic chloridi* the compcnind liSnCbj tNOCl is jiroductal and vvlu'ii 
a chloiororm solution of nilrogcii sulpliide is adih’d to a similar solution 
of stannic chloride, red cryslals of Sn('l |.‘2X4S ^ separate.^ \\ith 
sulphur trioxide th(‘ vvhiti* solid SnC’li.SO^ is formed.'^ 

Stannic chloride is em[)l()yed m dvtmg, as a mordant, and for 
weighting silk. Formerly a preparation known as iin-cowposition, 
physic^ or dyers' spud was enijilova'd ; this was made by dissolving 
tin with common s.dt or sal ammonnu* m mine acid, or the metal 
alone m aqua rigia ; but now’ the penlahydrale, SnFl i-olI^D. o\\- 
munatc of tin, is gineially ns«d. 

The Stannichlorides or Chlorostannates.- - C hloioslaniue acid, 
llgSnClfi, exists, ami from it are deiived a number of salts, the stanni- 
chloiides. 

Chlnrostannic Acid llaSndc (>11^0, is foimed wlun th(‘ solul penta- 
hydrate SnFl4.5lloO, or a concentra1<d solution ot the chloiidi* is 
saturated with hydrogen chloiide gas. It separates on eoohng the 
liquid to 0° C\ in thin jilati's, which imll at about ‘20° ('.* 'rfieri‘ is a 
marked similaiity betvve(‘n this acul and ils salts and ehloioplatmie acid, 
HaPtCl,} (JlljjO, and its sails,® though tin* latter acid and its salts arc 
the moit‘ stable. 

Sodium Stanuuhionde, Xa^Sn(’lft..5ll.^(), crystallises in iinsms wIku 
the concentrated solutions of Ihe eonslihienl salts ai(“ mixed together, 
the potassium salt t'l’Vstallises in anhvdious ri'giihir oelah«‘ilra, 

with which the ammouium salt (XIl4)2SnC’l,; is isomoiphous 'I his 
latter salt was foimerlv used by dvers, and was naiiK'd pud, salt, 
because of its use as a moidant for madih'i-red colours; it dissolves 
in 3 j)<iits of waler at 1 1- .5 ' t\, and from its diluli* sohitu/ii stannic 
hydroxide sejiaiates on boiling. A large number of stanmchlorides 
hav’e been prepan d ^ eonlainmg v'arious amounts of water of crystallisa- 
tion ; the chlorides of barium, cadmium, eoiipc'r, silver, lead, and 
thallium, howeviT, apjiear not to combine with stannic chloiide. 

Stannous Bromide, SiiHr^, is ])repared bv allowing mollen tin to 
cool to ‘200° C., ])owdeimg the metal in a mortar, and dissolving the 
powder in concent raled hydrobromic acid solution.® It may also bo 

^ Cassclmaim, Ainnildi. ISVJ, 83, liST 
'llioniu'^. ('ainpl rend , iS'.Mi. 122, ,12 

® Diivis, 7’/'//(s ('hem aS(m , IJMKi, 89, l.^) 7 l) 

* Kose, rofjij \nnnl(ii, 44 , 330 

» Knm- 1 , ('omjit tend , IS.SI), 103, 21 : 1 , S.-iihert, Jler^ 18 S 7 , 20, 7 a.{ 

® TJclluot'i and l’aira\an(>, nnutg (Unm y IIM),), 145 , 112 

’ Biron, J. Hum. Chem Soc y 15 M)t, 36, 489 , and Alti R. Auad. Limci, 1904 , [\J, 13, 
ii,307. 

* Frc>oi and V Moyor, Zeituch. nnurg. Vhnn.y 1892, 2 , 1. 
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.obtained liy lu atinir liii in hydinifi n broniide ir.r.. oi dislillni;^ the inet.fl 
^vilh ni( rcMiie lM<>niid(“ II is m pah mIIow en ‘-liilline mass, of densil v 
0 -1, wliM li iiM lls al ‘Jir, (’. and bolls air.ln (■ 'I'lu Inal ()l loim.l- 
tumollli, soil,! fn, in Inland lnpiid biomiiK ishi aOn ( al«»i its.' Sianntuis 
bromid. fbims a Indiab \M(ll^\at(l \\ hit h ts piol.ahb Snlh .. 1 1 ; 
it is, h()^\t‘\t■^, li\ (it i)]\ si'd b\ mueli wabi uilli st pai.ilioii ol a wliile 
o\\ bnuniilt Witli :immomimi brttniidt . siaiiiioiis bromidi Imms 
llie coinplt \ sail {Mld^nl’,1 , n,() .a (M I ,) .Sn I h , ‘2l 1 ' and also 
Ml ^SiiHr , lUO , "liilsl wilh aininonniin thloinh (Ml ,).,Snlti ,('l . I ! .,() 
and Mill ])<)lassnnn bromide K .Snlh , l»II .() ami KSnlb .“ll .() "i. siill.” 

, Stannic Bromide, Snih is Iniim <1 liom ils < l< nii nts. wlneli t tanbine 
^Mtll e\o|iilioii ol Infill and Inal ' ll is b» si jiitpand. .leeoidniLl b) 
Loren/.,'* b\ (bopping biomine fiom a eajiillaiN lnb< on to ships ol Im 
etnilann d in »i distilling Hash, n mo\ mix I \t f ss o| bitJimin b\ \\ainim^ 
Ihe llasL, and lln n dishllinix lln biomide. wlm li st> oblaipi tl, is .i snow- 
A\hi(e er\ slalline mass 'rin ph\ sical t taislanls oi I his siibslanee ai i not 
known with eei laint y, ov\ mix b* I dillt o nl \ .ilm s obi aim d b\ diih n nl 
obseiNti's (aim 111 \ .iml () Slu a *' di b i niim d lln \ .iponr di nsil \ lo 
be 2 *J!Mlln<»n It fpnrt s 211 ) win n II 1). am! lln nn ll mix-poml .‘10 
wliilsl Itu' Ihe lallti. l!a\ma'in and Ihiis' loninl .‘>o (’ . and (iaitih’ 
21 ) 15 ’ (' 'the boilnnx-poml is 20.*) O (' (llaNinann ami Pitis), tn* 
201’ (\ (('aim lit V ami ()Shea. Lou n/. Ninniann) ami lln* th nsily 
of (he Inpiitl al Da' (’. is .‘).‘)ll) ilbiMnann .iml Puis), ami al DO’ (\ 

D .‘{22 ( Doth U( r) ^ Deiihelol ' tslimabtl (In In .il ol lormalion of 
staimie bionmle lo bt . 

I Slit 1 U>r |SnDr,| | DS.OOO ealoi it s 

and , 

|Sn| , (iDi) |SnI>i,| [ 1 12 SOI) eah ns“ 

Deeanse il has <i hii;h nnilt enl.ir th pu s^ion and a const mini mellniix> 
point. Ihis siib-.l.met has lx t n tmph)\ d bs (iaulli m eiNoseopic 
delei imiial loii'',' lln mohenlai <h pu ssion bine,' t^limabd to be 2S() 
Aeeoulinix lo '1 olloe/ko "• howi \ 1 1 . I In \ahn shoiiltl bi ,‘50“) 

Sl.innie bioninh fann s in lln* air, .md u uatiilv sohibh m et>ld 
W'aler. h'loni this solution the h\tlio\idt si paiab s shns b on sl.tmbnix 
ami (piiekiv on boilinix Ntsiillnhss lln hsdrab SnDr, IIIjO is 
obtained whin an aipieoiis solnlnm ol lln anhsdrous bromiile is 
evaporabd tisti sniphnrie aenl (Da\m.inn and Puis) 

Willi aniimaiM slanme bioinnh forms tin addilise eomponiid 
SnDr, 2MI , (D.i\ maim and Pn is) 

UiniiKfsIdnnii i \isls Aeeoulinix b) Dasmanii and Pieis ‘ it 

i.s lUSnDi,, SiLO but Stnbtil" loms il Ihefoimnla II ,SnDr„ 7 l I .j(). 
Alkali slannibiomnh s au known 
' lii’i I Ilf liif , I /ll nnni /,i n u , IS'.lT , 1 '<• 

^ Kiivin.tiiii iiii'! I’ll I', \hniihn, I^M J2J, J *5 
® I’cni-M n Hill Ku li.tiibi'ii \niit Cl" n J Is'lJ, 14, Si I 
* K,i\ III inn .iiul Oii’i'*, w, 22j, '.J't 

® bun II/. /< tUf A (inuiif C/i, 1,1 m'l ). 9, li*.» 

“ (’uinfllis .nnl O’Shf /’/-n/s ( I" m S"f IS.S it 
, ’ C.iiMli. (hr. ilht, is'is. ?8, ir. J 

“ DtHlcKiT, Dip J!i z'i / nnnit n zn n In n Dnhlr nnil /, is nn-inisi l .luui hti Irihn unit 
hgitvlrii Stnlfm U.('\]i/\u, » * 

“ Nolo Sfiimio Kots intlioate Hit- ■-oIkI a,ito. i<»nii'l tin* ua mus Hlale, 

no biadvol'i (lio. Iifjui'l -taio 

1“ T(i11iu/1m), /ji/?/ had Sn ('ninnr HIM I, on lU.. I ..II.k / la» iiml Mi\i‘i Chem. 
Zentr., I'JIU, a. 1021 “ ^‘uIjuI, Du , iS.sT 20, 71 »:) 
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^ Stannous Iodide, Snlg, is obtained by addin*' potassium iodide in 
slij'ht excess to a coiiC(‘iitrated solution of stannous chlorub*, or by the 
action of ludriodie aeul on tin ; it crystallises iii oraiij'e-red octiiliedra, 
whieli mas be oliiaiiied bs iiK'Hiiir' the eoinjioiind, or esaporal iiiLj lis 
soliiliou 111 cailxni disulpliide ; but it is piobablv dimoi plioiis. It 
nulls .it C., and boils at 720'’ Cd Hu* diliydr.iLe SiiU.'JlLO is 
said to exist ; 100 jiarts of w.iler dissolve 0 9S parts of aiilisdvous 

stannous lodule at 20° C., and t 00 parts at 100" Cd It is niiicli «norc 
soluble 111 hs’driodic acid and alkali halid(‘ solutions, osviiii' to the 
formation ol a complex acid or salts. 

Will 11 a solution of stannous chloridi* is litiMtixl with iodine it is 
sonii times assimu'd that an additive reaetion takes place with the 
formation of stannic iodoehloridt“, SnCl,T>, but most likely a mixture 
of staniiie ehloriile and iodide is piodueeil thus : 

2SnCl2 + 21^ = SnC’lj -f Snl , 

stannic lodidi* is, liow’cvcr, reduced to stannous iodide by excess of 
stannous chloiuh', thus: 

Snl 4 -{- 2SnCl2 — 2Snl> -\- SiiCl,. ' 

Stannous iodide combines with h\droi'en iodide to loim wdostaiiiious 
acid, IlSnIj; and unstable, pale \<‘llow ii(‘edles of this substance 
scjiarate at (V C. from a sat mated solution of stannous iodide in livduodic 
acid ^ To this acid there eorresjiond the todnslaiinitcs or .stamio- 
iodidcs: NaSnl KSuI., .‘Ill .0, Ml iSnT., .‘lll^O, Sr(SnI,).>, and 

Ba(SnI,) 2 , which sejiarale wliiai th(‘ corn spondi in' saline iodides are 
addid to coneeiitratixl stannous chloride solution, 

Stannous iodide combines wuLh ammonia to form the compound 
Snl 2 2NHj,® which is yellow'.® 

Stannic Iodide, Snl ,. is formed from its elenu ids, and is coin cnieritly 
prcjiared l»y brun'iiu' toi'ctlier a carbon disul])hid(‘ solution of lodini' and 
midallic tin.’ Carbon tetrachloiiih* may, howeviT, be mh aiitaf'eously 
substituted for carbon disulphide, ow'iiij' to th(‘ tact that stanuic 
iodide is much more soluble in this soheiit at its boihni'-pomt than 
at oidmary tempeialuie, and, tluTcfoiv, si'parates on coohn.i'.® TJie 
iodide may also be obtained bv ])recipitatmi' a eoncenliated solution 
of stannic clilonde with jiotassium iodide. It is a bright led, er\,stal- 
hne pow’der coiisistin*' of rei'ular octaliedra ® ; after sublimation, 
how'ev er. it appi'ais in \ellow'ish red ni'idtes. Tins compound melts 
at 1 115 a’ (\. and boils at ;5t0° C.,^ tlioiu'h it is said to sublmii'^'* at 
180° (\ It may be dissolved in carbon disulphide, alcohol, ether, 
chloroform, benzene, and arsenic tribromidc. C'ryoscopic detirmina- 
lions of the niolec*nlar weij'ht of stannic iodule in the last-named 

' llemdors and do Lange, yVwr K Alnd 1912, 15 , “tj t 

- Young, J. Amcr Chem *SV , 1K1)7, 19 , 515. 

•* Young and Adams, J. Amcr Cltcrn /S'oc , J897, 19 , 515. 

* Vouiig, d/id , 1S97, 19 , 851 
'* Uiiiunu'lslKug, Vo(('f Anmlen, 1S99, 48 , 151 
“ Kphraim .ind Schmidt, Brr , 1909, 42 , 385(K 
' Pcisf)nnc, Compt rend., 1802, 54 , 210 
“ .Ml 111 iriiott, .7 Amcr. Chrm JSoc , 1911, 33 , 1963 
“ UclgciH, Zcitich (inot(/ Cfum . 1894, 5 , 211 
Henry, Bliil. Trans , 1845, 135 , 363 
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solvent yield jil>n()nntil results, of which Mirious expljiiuitions hiivc 
been ^n\eii * 

Si, mine Kidide does iiol i;i\( a (‘har soliihou willi waler on neecjiint 
ol li\diol\sis; i( I'oiins witli .imnioin.i (hiit .iddili\( (*om|ionn(U : 
SnIjIiNllj. SnI,l\II., SnljiJNII, (IVisomim). \\li'(h .iie piodiK’id 
bv liie netinn ol'MinmoiMa on a solution ol lh<- mdidt m ( aibon disiil|ihi<le 
or (Iher. 'I'Jie liisl eoinponnd is mHou, iin ollni lv»» .in while. 
Thi«v' arc* all \<»lahle and .10 (h(S)niposid l)\ w.iln inh> annnoiiia, 
ammomiim iodid(‘, and stannic (t\id<‘ 'I'hr coin|)omul .SiiI,sNIIj h.is 
<dMT lx ( n prejKired.- 

^ ln(lti,\hnini(' ./cn/ eannoi lx Ibmu d in .npnons s<»lnlion on .leconnt 
of the h\ diol\ sis of sl.mnie loduh , uliu‘h is miirh mon iMnnphlc Ilian 
tlial, of the ehhiiuh* P\iidini stanni-iixhd* . iC ,11 ,\II) Snl„, i'. I’ninud 
in bluish bl.iciv nrt dh s w lu n an aleohohe soliit i<ni of p\ ndim h\ dimduh- 
IS added to a solul ion (»f slaimie lodah in al<*<»holie li \ ilioLji n lodidi' I'lie 
(piinoliiK' s.dl IS snnilaiK oblaiiKd.’ 

Mixed Stannic Halides. Stannic chlon)bi(tnnd( , SnC'Lllr^, was 
(h'seiilx d l)\ l.adi nbin^,* and lln‘ thii'c compounds. Siit’l illr, Sn( Ll’r^, 
and Snt’llii ,, b\ Ihssmi''; whilst noimand '* snp|>os< d that he had 
obtaiind Sn( 1 . 1 , SnCLI^, SnCII,, Snih .!, Snih d SnIJrl, bv Ihe 
nil(Mclion of st.innons halnh s and apprn])i i.ih haloLT' ns or h.ilo'^cn 
ludiacids; but it li.is lx eii shown b\ Aii" 1.’ b\ nhnnee lo lh(ir 
pinsie.il b( ha\ lour, that all tin si* siipposid eompouiids an* piobablv 
nu\l iires 

'riius, mixtuns of Snl>i| ami SnI, sho\, a nonu.d In ( /iiu^f-poinl 
curve, wilh .'I uiticlie p«'uil .d lln I’oinpO'.il nui .Snlli and Ihe 

supposid eoiUp«Min(l SiiHi.Iu which nulls at .‘i 1 , i') id<iilie,il with 

an t (|Uimoh (“ul.ii nu\tm«* of ,Snl»i , ,ind SnI,. am! iua\ be *.. p.ii.ited 
b\ ten li.ielioMal ers stalhs.it ions inlo fi.icinuis nnllim' .il <SN ' ('. and 
27 (' , h,i\ 11114 I In eoniposilions SiiHr, jl , a'nl Siilb , 7I I , n sp< el i\ ( Iv. 

Simil.iih tin* siipposj d (ompoiinds .SuTiI, .md SnIh ,1 mav be 
p.nllv nsol\(d bv ci\ sbdhs.itmn. Monovtr, it is siii^i/'slcd 111. it in 
all mol b 11 nil \l UK s of tin < oiuposil loii Snih , I 1 ,, tin halo'ji u .itoins 
are pcihellv mobih . .iml lli.it tin s.inn is lim loi lln ehloiobiomides 
and chloKModnh s. 


'H\ A\D OXVCKN 


Stannous Oxide (Tm l/./ax wrA b SnO. ma\ lx pn pan d m s(\i*ral 
wa\s. It IS obt-nm-d b\ In.itimr.i iiuxIuk (»f sl.uuiou . ( hloinh and 
sodium c.iiI)oimI( until il b« conn s bl,iek,'lln n w. idling with w.ilfi, and 
di\m!4 lln h ^idm with .i <41 nth* ln'al in .1 slii.im ol '*.iil)oii dioxide. 
It is .lUo |)ioduci'd b\ iLjintniLT sl.nimais oxal.ib <mt ol coiilael with air, 
when it IS obl.nmd .is an oIivclumii powdi r , and l»v po eipit.d ni^r 
sLannoiis chhunh* solutnai with .dU.di, and boilmu lln livdialul oxide 
thus jinxlucid with ihlnte caustic pot.ish sohilimi . the anhvdious 


1 'r,.ll M /U.I. Hull If// Sn r/./Mw/, I'lOl. 1 C.II. Ill .in 1 l 5 '-(ni, 
inni, l')()l, 1 i\ 1 . 10, \\.il<l.*ii Zf /-•h nuuKj ('h»ni , 29, :J 71 

^ Kniii.iiin .uxl liiiixll. /•»/ , I'ln'l .|2, 

* J{(),i'iilx iiTi .nxl \miii. /» '/■>'* f hj m , I 39, 1/U 

* 1.,'llll'Illxil-l. '/' " >■''/'/'/ . 

5 III IS'IT, 121 . ns { 

« Linorm.iixl I /’// . l^'is [m!. 8, 241 ), IBW. [vil. lO, 1 1 4 
7 AugiT, Cofnpl n»'l . lUDU. MQ, f'n') 
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oxide tlms formed eiyshillisis m microscopic cubes or octahcdrii. A 
crysl;illinc form of tlu* oxide is iilso obtained by dij'cstiii;' a nearly 
saturated soluhon of stanuoiis oxidi* in acdic acid of d(‘usily I’OO at 
56'^ (’. 'rills form of the oxide is red, but <|uickly turns lilack on exposuic 
to suiilii^liL 

Tli(‘ lilack amorjilioiis oxide* eaMly dissohes m liydrocliloi le .icid 
fonimii( slaniious eliloride*, and burns ^\heu lieated in I lie an forming 
the dioxide* : 

SnO(cryst.) -| - Sii() 2 (er\ st.) + 71,000 calories.^ 

Stannous Hydroxide.- -The \\hite ]>rc‘eipitatc obtained by adding 
alkali In'di oxide* eir earbeiiiate* solutieai te) staiiiieins chloride is saiel iieit 
to be* Sii(()n) 2 , bill teiliaxe tlie ceuiiposilioii ‘iSiiO II^O.- If this jin e*ipi- 
tate IS Inaleel alioxe* SO'^ ('. it loses \\ate*r, aiiel jiasses iiile) the' auli\elious 
oxiele*. 'rile ludroxiele elis'-ohe's in e xce ss eif alkali preuliicing a solution 
of alkali slaimile*, \vhie*h. aeeeireliiig te) Ilaiit/.se'li,*'* is not Sii(l)Xa) 2 , 
but Il-SiiO ()\a. the-re b<‘ing no grouiiel feir assuming the* existe-iiee of 
SnO^" ieais. 'Fliiis tin beceaius ejuaeli i\ aleiit m staiiiiite's, aiiel the 
hyelreixide* is a feeble* ae*id e»f the l\ pe eif feiriuic acid. 

This eouclusieai in regaid to conslilulion, >shie*h applic*s to the*, 
hyelroxieles e)f zine*, gluciuiim. l(‘ael, tin, and germanium, is base*el upon 
measurements eif the ce)nelue*li\ itie*s e>f the*n alkaline seilutions, anel the* 
rate at winch tlie'se* solutions h\di*oly>o cllnl ae*elate*. The* me tals are* 
named lu the* eirdcr eif mcre.ismg aeielic stienglh e)f tlie ir hvelioxieles. 
It is intereslmg le> re‘in(*mb(‘r that carbon moneixiele ceimbme s similarly 
with alkali : 

( () -f NaOII IK'OONa, 

and that there* are e)the*r aeiels pieibablv e*onstitule*el in an analogeius 
inaime'r, se) lhat the* inaxunum \ale*nev of the* nuclear atoms is reaehe'el, 
e.g. IISO.OII, II.POOII, anel llPOtOlI), It mav be ivmarkeel, 
IiowcveT, that tins eeinstilulion of staimite's involves the union of a 
hyelreigeii anel a tin atom, eithe'rwise* unkneiwn 'J’he reelue*ing ae‘tie)n e)f 
sodium staimite’ solid lein has l)e*e n studied by (Jolelschnnelt and Mekarelt,^ 
wdio agre*e with llant/seh m re garel te) the ceinstitutiein ol tins salt. 

Stannic Oxide {Ti}i Diojidr)^ SnO.^, occurs m crvstallme* and amor- 
phe)us fe)ims. As re'gaids its crystalline feirms, it is trimoi phenis, e xist- 
ing in tetragemal, ln xa<gonaI, and rheimbie* crystals. Natne* stannic 
oxiele*, cassifet fir eir tin.stour, e)ce*uis m le*tiagonal cr\stals, winch whe*n 
quite* ])ure* arc ce)lourle*ss and lrans|)are*nl, but are* geiie ially yellow', 
green, breiw'ii, or black, fre)iu the* [)re*se*nee e)f eixiele* of non or eitlie'r 
impuiity. 

Tinstone; may owe* its origin to the hydredysis of stainuc lluoride e)r 
chloride* bv wale-r-vapeiur, i.e. te) se)-calle*d pncumate)l\ tic action. 
Stannic oxiele is infusible* be*fe)re* the bleiw'pipe, but it can be melted, 
and even vaporise*el iii the* electric furnace*. Its me ltmg-])e)mt is 
estimated to be* 11*27° (\ Various values have be*e*n oblaineel for the 
density eif crystalliscel stannic eixidc, owning te) varying degrees of , purity 
of the substance ; the me an a alue* is 0-0 at 15° C. 

‘ Mi\te*r, Awtr ./ Sn , 1‘100, [ivl. 27, 229* 

^ iSrhafTncr, Annnlrn, ISII, 51, 41)8. 

^ llnnlzHC'li, Zf it sell an<nff. C/ifim , 1902, 30, 289 
* Ooletse’liTmdt and Kckardt, Zeitsrh. pkif<iikal Ckem , 1906, 56, 385. 

® Cussak, J^ruc. Roy. huh Acu'l., 1890 1S98, finj, 4, 399. 
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Amorphous stannic oxide may he obtained in various ways, 
tin is healed in (he air it takes lire when near its lioilm^r-poinl and 
hums with a Imi^Jil II, inn , rormini^ the dioMih'. Ohl.iiiied m this way 
slaiiiiie oxide w, IS onirni.iIU namid flinr\ Jirris , whilst tla osiih loriued 
by the siipei lieial osidalioii tif molten tin, wliieh is lik \ l'((.iiise it 
eoiil.niis ])artiel(‘s of liiuK dixuhd nul.d, h.is h<(n twWyil 'jhm s shtnm. 
St.iimie oM(l(‘ IS also ioniud when st.iuiioiis (jside or (txal.ile, oi eillu'l' 
ol l|i<' siilpliah s is KMsI 1(1 in the an , and l)\ lie* nun I ion of 1 he li\ di al(‘d 
oxuh loriiK (1 l)\ tile aetioii of nilrie aeid on tin iihl.d, as well as in 
otli' i \\.i\s to ln‘ noticed lat( r It is hUiwise oht. lined diiiiiiLl the 
<hehol\sis of i\ solution of sodiiMii or |n»l.issiuin I'liloiah with a 
un pl.ih' as anodix and a pl.dnnini pl.de as eathodi ' Amoiphoiis 
si. mine o\i(|( is .1 whilt or eii .nn-eolouK d powder, which liirns 
\(llow .and blown wlun luated, but I'.uh s to ils oiiLrinal colour on 

coohiiiT 

Tlu‘ .iinoiphoiis oxuh is (‘on\eit»d into Ihi er\slalhn( roiiu of 
eassdiiili wlien it is luatdl in a eini'id of h\ihomu ehloiiih eas. 
'flu* tlarmal lelal loiiship lutwian ei\st.dhn< and .nuoiphoiis st.innic 
oxide IS n pn si nti d bv tlie iMpialion 


SiiO^ (anioi phoiis) - Sn()^(ei\sl) | 1700 e.iloi les.- 

'1 he aiihydioiis oxidi* is ipiile insoluble in w.du, and is not at lacked 
bv eoiiei 111 i.di (1 .icids, « xei pi snlphiiiie acid, willi winch il roriiis an 
iiiis|,d)l( siilphai' h'lision wilh pol.issniin Indroiriii siilph.’ih' also 
ihssolxis (he oxide \ nitlhod of In. dim id. howivir, which is eon- 
^enl(nl 111 ipiahlatixe aii.d\sis, is to lose llie oxidi* with a nuxliiie of 
soduini ejubiJii.de and llowiis of siilplnir 'I'lii IiismI im.iss iIissoIms 
111 w.ilir, Ml idiiiir a, solution of sodinni I hiosl.innal e, tioni whi(‘h 
(lilnle .ii'iil preeipitatis sl.nuiie snipliidi lhi'> ('an thin be dissoKed 
111 eonei nl i.di il liMlioeliloi le aeiil Sl.iniiie oxide is iinploMil, under 
till n.iiiii 111 pullj/ jur.idci, lor polisliniLt ulass .md im lal. 

Hydrated Stannic Oxide: the Stannic Acids. Ihi/.i hiis,* in 1H17, 
reeoidiil the ixistuiie of two loinis of h\di.did slaiuue oxidi, or 
st.'innie aeiil, of the composition repiismlid 1)\ lh< i inpineal loimnla 
lI.SiiO,: and this was tin liisl known ix.uiijih ol isonniisni. 'I’lic 
OIK' roini is obliUned 1)\ pii cijat.d ion lioiii sl.iiinic sails oi slannate 
sohihoiis, I hi olhi r liv In atin«( liii wdii modi i.di 1\ conei id i.ih li nitric 
acid Tin Iwo I'oims dilh r iii sohibilih, and ispuialb in the com- 
position nl tin s.ilts till". Meld wilh alkalis salts of tin roiniir acid 
conlain OIK npiixahnl of stannic oxide, and an ol tin l\pi M'._,Sn 03 ; 
s.dlsol'tlK l.dler ha\e li\e eipinali iits of tin oxuh .mil aie, therei’Dre, 
of (In t\pi ^r^Sn-On 

'fin two acids liaM* bun iiaimd slaimie and nn laslaruiie acid 
respect imK , blit tins noun ncl.it me is misleadimr. sinei H_,Sn()., is 
propirlv 111 ' Iasi. iimie and Tlie\ are lulti r known ,is y- and [^stannic 
acids; lln' term wda uia\ tlnii lie (mplov(d in adddion wheu* it i.s 
aiiiiropri.de. Aeeoidiiifj to Mi ckh nbmt:li, tin* y- and [^-stannic acids 
arc to 4)1' iiuaided nicrilv as colloidal substances, dilliimir m tlic size 
of their jiarticlc^.^ 


1 Loumi/, i/v/i atifitii I'hnu, tS'H» 12 , r.l) 

aM.vln Imrr ! .S'n , I'MI'l. |w |. 27 . 


- lior/i'liiis, Aiin'ilf'ii, IS17, 1 II |. 5’ t 
* Mocklfiiburgh, Zciisch. anvnj Chun , IDUD, O 4 , tins , ililti, 74 , 207 , 1013, 84 , 121. 
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a-Stannic Acid and its Salts. — a-Staniiic acid is obtained as a white 
powder by jnecipitatiiig stannic cliloride willi ammonia, or by means 
of calcium eailjonaU ; by adding dilute acid to the solution of a stannate, 
or aiiiinoniiiin chloride to the same solution, since anmioniuin slannatc, 
like the coiTespoiiding silicate, is immediately hydrol) si-d by water. 
The addition of sodnmi sulpliate to stannic cliloride solution also 
produces a ]>recipitate of stannic hydroxide, since slaniiie siiljihate 
is unstable, and is h^drol^scd. These two latter reactions fiirni'.h an 
interesting exainplt* of the btliaMoiir of an ani])h()l( iie h\ dioxide, 
since in the former case the lixdroxide is iirieijiitatcd as a wiak i.cid, 
in the latter casi* as a weak base. Wlii'ii the jireeijiilate is air-dried 
it contains ‘J‘2 5 pir cent, of water,^ which is rather more than corre- 
sponds to tlu formula of the oitho-hydroxide, Sn(()ll) 4 . ^^hell dried 
in vacuOf or at 100° C., tlie hydroxide has approximaltly the composition 
of the ineta -aeid ll^SnOg.- 

The j)ieci[)ilaLe before drying is shglilK soluble in water, to which 
it imparts an acid reaction; it also dissohis in mine siil[)huric, and 
hydioehlorie acids, as well as in caustic soda. Wlu n the aeid is dried 
it undergoes [lartial transformation into the p form, this also occurs 
under w.iti r, espeeiallv on heating. 

The alkali a-st.imiatis e.in lx obt.niud (iN^t.illnn, and ari' soluble 
in W'ati r , oth(‘r stannati s .lu obtaiiud from th( m by pri eipilation. 

Sodium Sl(UiU(th\ Xa_.Sn().; OlIoO, is obtained by fusing iinely 
divided tinstone with caustic soda, or by heating tin with caustic soda 
and Chill saltpetre . 

Na/) + SnOji (amorphous) =- Na^SnO,, -j- .‘>7,100 calorii s.* 

The trihydrab d salt crystallises Iroin aipuons solution, and is more 
soluble 111 cold than in hot watd : from such solution drka-h\ (hated 
crystals, Na.^SnOj toll/), (‘an also be (►btained. When the tiihulratc 
is heated it loas all its w.it( r, .ind the anhxdrons sl.nmaU* thus jiro-; 
duced does not dissohi' unehangid in water and eamiot be reliMlrated. 
This salt is ns(‘d in calico ininlmg, and is called picjxn salts'. 

Potas.smm Slaunal(\ K_>Sn()j .‘tlloO, is jircjiared smiilaily to the 
sodium salt. It cannot, liowe\er, lx completely dehydrati'd b> luating, 
but di composes, forming ])otassinm hvdroxide and stannic acid.* 
Conse(pienily the water pnseiit is water of hsdrox\lalion ratlu r than 
of hydration, and this and other salts an* diii\(d from lu xaliydroxy- 
stamne acid, I l 2 Sn(()II}o, winch is analogous to hexahydioxyplatinic 
acid, ll 2 Bt(()ll)(,. 'rills conelnsion is eonlirmed liv tla* fact that 
insolidile stannates obtained iiv doulile decomposition contain the 
same jiroportion of water. Thus ])recijnlaled lead stannate is 
PbSnO.j.JilljjO,'* and may lie formulated rbSn(()Il) 5 . This eonstit.ution 
relates hexahydrox> stannates to the stanm-ehloridi's M'_,SnClg, which 
are analogous to the ])laiini-ehlorides .M'J’lClp,. No orlhoslannates 
have hitherto been recognistd, lint lIi'dNall® has jirepared (’olialtous 
orthostannate, Co 2 Sii()j, by fusing cobaltous and stannic oxide s with 
potassium chloride at 1100° C. ('r 1 .‘}00°-l 100° C., and dissolving out 

^ Warn-n, ('hm IMHO, 62, .‘ilO 

^ Weber, Poijfj Anmlmf 122, I>.")S . 

» Mixler, Amrr J imitl. liu), 27 . 220 

^ Oellucci and rarravano, Alti li Anod Linrei, I'lOt, |\], 13, 11, ;{24 
® Bellucei and J*arra\ano, Atti It Aaad Liurn, lOOJ, [\ j, 13, 11, 1131) 

• lled\all, Arkii' Kern. Mtn (hot, 11)14, 5 , No 18, 1. 
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the excess of stannie oxide l)v uarni, dilute Jiydroeldoric aeid. The 
product is (lark i»re(‘ii. and has a d<‘iisii\ ol ;>() ,it IS'’ C. 

[^-Stannic Acid and its Derivatives. HonIi/ in UITO, stall d that 
aijua loilis (leslro\s iuoi\‘ tin lliaii il disMihes. and also ohsciNeil Unit 
a soluhon of I in in t he sann h(|nid easil\ lx eniin s ;r( [.ii nious - Kunkel ’’ 
likewise neoidid Ihc I'.iel thal to dissolve lin lln mine aeiil i inplovi'd 
niusl he cold, or eal\ ol tin would lx |ni eipit.ih d. The explan. il loii 
of •these ohsi r\ alions is Ih.d whilst tin <hssi»l\is slowK in \ei\ ililuti* 
mine aeid to pioiluei* sl.innous niti.di. tin slannous niliali' iiist, 
forniid, whin hot and iuok* eoneuili.did .leid is (iniiloved, is viry 
uiislahk' and (juieklv d< composes, xnldn.Lj llu‘ tdiin ol‘ livdiali'd 
stanme oxidi known as [i-slanme .leid l*iol>.d>l\ y-st.imiK* aeid is 
hist jiiodiietd fiom st.iiime nili.de. which linn passes inlo the [^^-forin. 
Tile jiiodiiel is, (Inn foil', hahh In I'nni.iiii hn| h -j- .md [:i-lonns. and 
tile pun [i-aeid is nhl.mn d l)\ dissoix iiiij I liis piodiiel in siKlmin hx dioxide 
solnlion, and linn .uidinif excise ofenneinli d«d soda, which pneipi- 
lalis sodium [i-slami.ili whilsl lln y-sall n m.iins in snhilioii. Pure 
[j-sianme aeid. oi [i-iin l.isl.innn' .leid, is I In n ohi.nin d h\ di eomposm<' 
the sodiimi salt wilh aeid II is also Iniiind h\ lln* hxilioKsis (►f its 
sodium s.dl al (10 ’ .nid h\ hoihni4 .1 liiliih solnlion of .slannic 
ehloiide, Willi 01 wilhoiil (he .nidilion ol mine aeid Mokomi’, when 
a solution of 7-st.imiie .leid 111 iixdioihlnne 01 In diohioniie .leid i.s 
allowed to sland. [^^-slamiie ai'id ni.idii.dU sipaiahs as .111 op.ileseelll 
pi( eipil.di .111(1 Mn pioei ss id* liaiisfni ni.d mil ( .in lx‘ lollowi d (luaiilila- 
ti\ ( Iv ' 

A h\di'osol of si. in me .leid was ohl.iiin d by (iiahaiii ' h\ I he d 1.1 1 VMS 
of a niixliiK of slannie ehloinh and .ilkali, 01 of sodium sl.nin.ih .ind 
In droeirloi le .leid. 'I'ln Inpiid al Insl eoiil.inn d .1 ije almoiis jin eipdati* 
which irr.uhialK dissohid 'rin Indiosol was ^rdalniisid l)\ a tiaee 
of Indioehloiie .leid or of a sail, .iiid on lnatin<r \ n Idi d colloidal 
[i-s1aiime .n id (Ji l.dinoiis, pn eipil.dt d [■i-sl.nmie aeid has the 
(iiiiuiie.il ( oni|)osi(ion SnO^ III./), wlnn an dried ,Sn()_, ‘Jll/), and 
w In n di II <l 111 a \ .leiimn, .Sn()^ 1 1 / ) 'I'ln s( foimiil.t do nol , howi \ er, 
eoinev .1 pisl idea of lln n.iliin of ihe J^aeid. winch is s^.uind from a 
si 11(1 \ of 1 1 s s.ilK and ol In r di 1 n .il i \ 1 s 

Sodnnn h-shtnnah. pKp.ind h\ tin .lelnui of cold sodium hvdioxide 
solnlion on S-sl.innie aeid. is .t spainejK soliihk ensl.dline powder, 
haMii^r lln eompoMlnui N.i>n,(),, III/) .‘Miinlaih Ihe polassmm 
.s.dl 7 s K .hn /),,. HI/). 'I'hus lln inolieiik of [i-slannie acid 
appeals to eont.iin Ine Ini atoms- .uni lln aii-diied aeid heeonie.s 
IloSn-Oj/’** insle.nl of .SnOd-UI/), whilsl the aeid diied 111 a 
\ .K*uiin 1 is II .»Sn -,t)|| III»D nislead ol siinplx Sn()2 II ■,>'■)• .Mteinalnc 
tWiiinhe aie Sn-()/()lI) 7 , • )n» respeetnelv, wdiieh 
sni;uest ihal ^^’stanme aeid mav possihU eontain a teii-nn-mhered 
rii^J of alle mated tin and oxx^nn atoms At least an analo^^y is 
smnjesled between fi-sl,innie aenl and tin |)olMinrjseel siheie acids. 

^Ti-slaiinie .leid is dislini^nisln d fioni lln a-aeid b\ its insolubility 
in dihi-te mine and sulphuin acids It does not dissolve 111 cold eon- 

“ liovle, I'ipcnniinf'> mul ((jiminiti'j ('f>tou)S, 10154 

® Kunkel l^ihitnUinnnn ('fn/tnu um, IlUt ^ ^ 

* Loii-n/, ZdlMr/i unoiif ( hnn , ISO.', 9, .‘HO 
B Graham, Phil. TrunJt , 1801 , 151, 213 . 
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centrated sulphuric acid, but with the hot acid forms stannic sulphatCi 

which by hydrolysis yields a-stannic acid. II\ drochloric acid dissolves 
the p-acid, but (‘xct'ss of it precipitates p-staniiyl chloride (g'.i’.), 
which was fornu'd in solidion.' The p-acid may Ix' coiiveited into 
a salt of tile a-acid by fusion with potash or by lon^^-continiied bodin*,^ 
with coneenlrated ]}olash solution. Isxaporatiou to dryness with 
hydrochloric acid also yields th(‘ a-acid. 

Parastannic Acid. — It was hiund by Ih r/chiis that wlien p-staiuiic 
acid is heated w’ltli water at 1 00" t\ it passes into another form of stannic 
acid, which when air-dried has the empirical conijiosition .^SnOgSlI^O, 
and is })rol)ably ll2Sn-()ji.7Jl20. This compound whiai dried in a 
vacuum becomes .KSnOo.illloOor 1 1 gSn^O 11.21120, rather than SnOg ILO 
or II jSiiaOi,. Hh^O, winch is p-stannic acid. The jiolassnim salt of 
parastannic acid is K2^*'5^^n - ^lIoO, to which parastannyl clilondc, 
shortly to be descrilied, corresponds. 

p-Stannyl Chloride, SiisO^Ch,- iJ' nlatiil to p-stanme acid, 
which may b(“ written Sn50j,(01I)2. ithO ; and it may, llnaefore, l>e 
rc^Mrded as the chloride of this acid. An alliTnatix e \ uwv is to considiT 
the hydroxide as aniplioteric, and as beha\ mtf as a diaeid base, of wliieli 
P-stannvl eliloride is a salt. Ih'cause of th(‘ modi' of formation and 
propertu's of the eliloride this latter mcw is perliaps to be preferred; 
thus it is a basic stannic chloride. 

p-stannyl eliloride is prep.ind by first aetinj^ on tin with nitric acid 
of deiisitx Ml to I’t, the l(‘mperatur(‘ beinjf kept low' to jirexi'iit 
the formation of parastannic acid; liMlrocliloiie acid is tluai addl'd 
to the resullin*^ p-stannic acid, and th(‘ gelatinous mass jirodnei'd is 
diliiti'd with w'aler and filtjnd. 'liie tillrali' is pri'clpitati'd with 
hydrochloric acid, tin' ])recipitatc washed with the acid diluti'd with 
ail equal volume of w’ali'r, and the product dried in a \aenuin oxer 
sulphuric acid and potash. The p-stannyl chloiide thus ohtaiiu'd is 
a transpan'iit, ^dassy mass winch contains nine or four moh'ciiU's of 
xvatcr to one molecule of SiijO/io* mrordmj' to wluilur it lias been 
dried in air or in a x’acuum. it is soluble in dilute liydroehlorie acid, 
and unlike stannic eliloride is repri'cipitated by tlii' stronjj aeid This 
coni}X)und is also formed by hyilrolx'sis wlu'ii dilute solutions ot stannic 
chloride are kept. 

Parastannyl Chloride, Snr,()yCi2-‘«^n20, is jiroduei'd by aetiu^r on 
parastanme aeul with conceiii rated hydroelilorie acid, dissolxmir tlic 
product in xvater, and ])reeipitatmf' the ojialcsei'iit solution thus ])ro- 
duced w'lth more acid ; the precipitate is then drii'd in a x'acuiim. 
This ciiloruh' is also fornu'd in solution xvhen a liydroehlorie acid solu- 
tion of p-stannyl chloruh' is xvarmed. 

TIN AND SlTLPlItllt 
TIN SULIMITDKS 

Stannous Sulphide, SnS, is fornu'd in the dry xvay when tin-foil 
is heated with sulphur ^ ; the metal, indeed, takes tin' s|)ontan(‘Ously 
when brought into sulphur x'ajiour. This ; uliihidc may ijc sublimed 
in a current of hydrogen, and forms a shining crystalline mass, rcscmbhng 
' ffranhitc. Glistening, metallic scales arc also formed when the sulphide 
* Ditto, Compt. r€tid.t 1883, 96 , 1790. 



TIN AND ITS COMPOUNDS 

is heated in tlie (‘lectric furnace.* Staniinus suljdiidc molts at 881 ^***''^ 
and hoils ;il 1(){)()' C., produeinj' :i ijn en v.ipoiir ; and when heated' 
In ‘Jd.'j ninl'-r ])r(“ssnri“ it d(e<Mnp(»M s into hn .ind sLuinie snl|)hido, 
tliiis ■ 

‘JSnS Sn -| SnS^. 

Stannous snlphi(l(‘ is prt <*ipil.il< d in .i lMt»N\n, Indiaf'd Iniin when 
a .sliulillv aeidilicd solution nf stannous chloiule is salniali'd ''ilh 
ii\(lro'^(n snlpliidi tjas : on ilivnn^. th< po eipit.ilc tiiiii'' hlai’k. 
snliilnlitv of this jmcipitat(‘ in a( nls and alU.di'. is instiiictiM. Jims 
it iiadiK dissol\(s i‘\ < n in sonawliat diliilt<l li\ di oehlin le .u id, and 
eons(‘(|ii( iill\ is inijxitietK pneipit.itdl il miieli aeid is piescnt, tlu* 
riaetion 

Sii( I, i 1I,S SnS I ‘JIU’I 

l)i‘inif a i( \ ( I sihlt' one whieh pioe< < ds to an t qiiilihniini * 

Tins .solulnlitv ina\ hr icfciieil to tin has, piodnein^r properties 
of tin; aiul eonsicpnnlK. as imirhl he inf. ind. stannous .siilpliide is 
indiir. nnll\ solnhle in alkali scdiilnms, llnaii^h its solnhilit\ \aries 
NMlh Its plnsieal stat. ‘ Tin riishh pi<eipilat«d sniphid.' dissohes 
sl( 0 \lv on hoiliny with dilut.‘ eaiislie soda solution, poxliK a 
of slannite and tlnostannil< Sme* tin roinni salt is IISnOOAa, 

tin latter IS piohahlv eonslitnlid sinnlailN, so that tin naelion is: 

‘JS.S ; ‘jNaOll ilSnOOXa ; lISnSSNa 


The sulphide IS lepneipilalul Ironi t his solii ion hy a( id. ^ ^ 
alkali inav, howi \ ei, d< eoinpose stannous siilphnh into s annie 
and Inf. 11..' rninirr ..f «ln.di disM.h.s, l.annnt! Iln..slam,,ilc, p^st 
Ihc l.iHd- rciicts with lln- alUli. imidiiiMin; slannalc willi cvnlntion 
of hvdroi'i'U, thus : 

|0.SnS -I- I 1 -I 

IHSii ! liNaOll l-Iiir/) .•(N.i.SnO, i (ill.. 

Stannic Sulphide, SnS ,. li.is Imni I”'" I'lio"" 

nnaft U .s “n,.a,.;i ro.-tln^ I.n In aln,.. t..«. lln r '--i P‘''- 

tin (i iMils (1 mricniN. «itli nlmli lln- Im puns an ain.ilnain, < parts 
of snlplnn. .nnl (i |..nls of sal .nnnioinac. Sl.mnons ' j 

flilornlc and llic Kin.ninn!; s.d .nninoin.ic snldnni'. and j,ol li n-\ ( How 
scaks of slannic snlplmlr n mam II ma\ also In- ol) l.mnd l)y In aimfc 
slannoMs snlplmlc «illi coiiosiu sni.lmial., and m otlni tt.ivs. llio 
nrodiicl (I\slallis<s m In vii-onal lakk Is, winch ai< tianslncint and 
I, fa cold, n colour. II has, llni.f-r., inen Known since ilic uKhtcenth 
cent m-v as mtMiic ffild. inn iiiii iin>uni-inii oi iinnirinii. I In dcnsil \ of this 
snliM me. isaln.nt I 5. and it is < Mi|.h.\ . d as a lir.ni/ni!' |i.iw(lcr h.i articles 
r rw.si.Mi .tc WlnnilisInalidsMllicniilKilisparllydccom- 

'‘r';,! ' ;..us\nl .lndc .md snlplmr, wlnlsl, the rest sni, limes, 

iriol 'i s in' a.pia i.c.a and m e.mslic .ilkal, lint not in liydroehlonc 
or nitric acid Stannic snlplinl. is met with in iinaivsis as .i diiU 

• l?ili/.ui(l MifKlfiil»<u.’. 

■ MitiJilol ('tnupl rml is'ff, IZ/J. 

' Ditti’. rvml ISS’ 5 , 07. H- 

' W I * "/ Ve'/ Vm/f s ^ t't / ^ 1 1 hH / m'slv \ , Jn / , I SI 1 1 , 174, 245 ! 

'L tVim i'%i.l7»J,|il.iJ,.:!i«. SilmcidM.f.,// .t««ate«.i»aa.95,l09. 



858 CATIBON AND FI’S ALLIES 

yeRo^^ ‘rmcd when hydroi^cn sulphide gc\.fi is })fissed into 

stannn -iHon. Accordin^f lo Jor^rensen/ tli(‘ preeipilatc 

obtain sulphide and a hvdroehlnne solution of ineta- 

stanni* ^'i)^al)le amounts < f jiK'tMstanmc aeid and stannic 

• ' Ml dependni<r on tlie coneeiilralion of the 

I the liydmclihirie aeid, as well as upon the 

teiiijH MMiF’e ano ttie time. AltJioii^di the piTcipitntr (‘outnins little 
stiinnie sulphide at first it is ^rndiinUy tra/ is formed into this substance 
in contact with liydrogon sulpliidc solution, though the ])rc)cess reipiires 
about two months for completion. 

Prcci])itated stannic sulphide dissolves in concentrated hydrochloric 
acid, though less readily than stannous sulphide. It dissolvis easily 
in caustic alkali solutions, forming a mixture of thiostannate and 
stannate, thus : 


.‘ISnSg -f GXaOH = ‘iNuoSnSj -f NaoSnOg -[ 11.^0 ; 

and in alkali sulphide solutions forming Ihiostannatc' onlv. Stannous 
sulphide may also 1)(‘ eonv(‘rt(‘d info thiostannat(‘, and so moie easily 
dissolvi'd, by heating it with alkali polysulphide solution or with alkali 
hydrovidi' and llow'ers of sulphur. 

Thiostannic Acid and its Salts. WIkmi a solid ion of preeijutated 
stannic sulphide' in alkali sulphidf' is n'jirec'ipil.ded willi aeid a \el!owish 
brown solid s< jia rates, whi<*h on diMiig beeonus almosi black, 'fills 
is thioslaniue aeid. IloSnS,. which on heating, m absence' of air, 
loses hxdrogen suljihuh'. yielding the M'llow' disulphide'. “ Potassium 
thiostaimale' is obt. lined m eolourh'ss prisms, h.i\mg the' composition 
KoSnS.j iJlIoO, from its solulion fornu'd b\ boiling eoneeiil rail'd 
potassium sulphide' solution with Im and sulphur. The* soelnim salt, 
Na 2 SnS , is fornu-el similarly; whilst 1)\ fusing together soelnim 
suljihidi', stannous sulphiele anel sulphur, e \liaelmg the mass with wate r, 
and eone('ntra,ting the* sulution, eolomless eiystals of the' oitho-salt, 
Xbi iSnSi-PilloO, are obtame'd. The ammonium salt (XIl ,) 2 SnSo .‘UhO 
is obtaiiu'el in unstable ye'llowish tablets by pre'ei}>ilalmg a solution 
of stannie snljihido m \('lle)W' ammomum sulphide' b\ alcohol.'^ 

Stannic Oxysulphide, SiioOS, HIT./), is obtaineil as a while* soliel, 
which graelually turns ye llow’ on kee-peng, by pre'cipilat mg an ammomaeal 
solution of stannie sulphide* Avilh ae*id.* 

Stannic lodosulphide, SnSol,, is said to be* formeii when slannic 
.siilphiele* anel iodine*, m the* the-en’etieal jiropoi turns, are* fuse*d togetlie*r 
in a stream of e.irbon ehoxide*.'' 'I’he* ])n»eluet sublimes m yellowish 
red ciwstals, whu'h are soluble* in ehlen-oform anel carbon elisuljilnele* ; 
but water ele*(*om])e)se*s the* compounel into stannic osidi', hvdiioehc 
acid, anel sulphur. 


TIN SULPIIATKS 

Stannous Sulphate, SiiSO,, is olitaiiu'd when the* metal or hydrate'd 
monoxide is elissolveel m dilute* sul])huric aeiel, or when the* fornu'r is 
digested with a mixture of one \olume* of sulplmne aeiel, two of nitric 

‘ .tiMfUMisfii, Zd/srh auoKj (Jlum ,.15)411. 28 , 1 10 
- Kuhn, Annnlni, 18.12, 84 , 110 . 

® Stnnek, Ztiltf’h anouj C/ictn . 1808, 17 , 117. 

» .Schniult, lit? , 185)4. ' 27 , 27:«) 

Schnnek’r, J. prakt. Chem , 181)0, 79 , 419 
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iX'id. and throe of water.* The wilt is ohtaiiied in white, anhydrijlis 
11 ' ( (lies on ( \ .i|)oiatini» its solution ui a v acuuin ; IS-S irmins ol staiiiious 
sulph.ilt (lissolxi in 100 plains of wiilir :il 10“ (’ , and 1«S 1 Lrraius at 
100'(\; its soliit ion IS ( .iMi\ h\ droh d M dll I ii‘ dt posil ion ol ji Imsio 
salt. The anln drolls salt when lualid a!)o\( .*>iU) t\ (\oUts sulphur 
tlioNidi' hy seir-t)\idiitiou ,ind reduelion, ihiis -• 

SnSO., -- SiiOo -h SOo. 

Stannic Sulphate.- T Ik* feeliK basie pro]uihes of btannic oxide ifo 
not, admit of IIk* formation of a stable sulphate; and this is shown 
by the ])reei])iiation of stannie hydroxidi wlun sodiiini sulphate is 
added 1o stannic ehloruh* solution. NcmiIIuIiss a ervstallini' salt of 
the composition Sn(S() ,)^. ‘211^0 is ohlaiiud wlun IVeshlv precipitated 
sianme hyilio\idi is dissoKcd m dihili* snipliniie acid and the solution 
IS i \ apoialed.* The sam(‘ salt m.iv he* obtaimd fioin Ihi* solution of 
stannic oxide m eonei ntrati'd snl])hniie acid, and also a basic salt of 
the eoinposil Kill Sn(S(),)j, SnO^ 211 ,() s.iil . .ik eonipli li 1\ liNilro- 

1\ s( (1 b\ \\a(' r 

TIN \M) SKIJIMI M AND ri'ldd lMCM 

'fin loims a eonipouinl with silenmm ol Mu* ( ompositioii SnSe, 
wineli nulls at S(il ' . and anollui, wliifh is nilur Sii^Sc ^ or SnSe.^, 

winch nulls luai dad (\ 'I'lu se facts !ia\c l)(<n islablislud hv the 
siiuh of fu I /iiiL'-piunl cm \ < s of imxlnu s (»l llie I wo 1 1 ineiils , and 
th( similar shuK of I in-l< llm mm nii\lni«s shows llu* (\isltnee nf the . 
com pound Sii'l’r coin spondina wilh .i wi 11-in.ii kt il maxim mn a I MH) (.. 
Mieiosiiopie (X.nmnalion shows lint llu (ompomids SnSi* and Snle 
eiNsl.illisi* Wi 11 ' 


TIN \M) \nilO(.lA 

Stannous Nitrate is oblanu d in wliih I* all< Is lia\ ini: the eomposilion 
Sn(Nn.), 2idl,() b\ eoolmi^ Lo -20’ (' a soliil.on ol slamuun oxide 
in niliu acid of ihnsiU 12. It is also ioinud l)V llu adion of 
hiuliK dilul'd mine acid on llu nu tab sonu ol llu acid 1 1ms sullering 
maximum itduelion lo .immonia : 

ISn 1 lOllNO, lSn{N(),), ! Ml.M), i 
Vccoivlim/ lo (' II. II. Walk. 1,’ lindisso|\(s in mine acid lonnirif; 
stannous and sianme nilial.s, ll>< n!ali\- piopoilum of llusi two 
sdls piodiie.d dt pt lulling on llu l.mpnalnn and llu slnn^rtli ol the 
acid; mor.oNn, the \ellowish whil. pi.eipilat. whidi si jiaial. s when 
tlie sonuwhat (oneenirat.d acid is nnplo'.d n -aid !.> lu* a h\draied, 
jll-ddiiu d, stannic nil late. i i c 

Stannic Nitrate, S..(NO,), is wu.l lob. In the oelion of 

70 nei (till iiitne acid on tin. and to lu slab!, in pn since f>l Ihe con- 
cenlral.d acid .d 00' it flissoK.s m walti but is ipneklv hvclro- 

lystd willi stpaiaiion of b\di..h(' dannie c suh* 

. I (%n> l^s.. I7J 

- h iir.iiit, V'/t/io Cfi'Ui s,„ , l'»l 2, io7d»'>' 

I DiOi* (’omit /it/ , 1SS7, 101, It- 

‘ IJilt/, Ali-tklf nlnrir .md Cr.I.H't . k, i/''/' K/«f/t; < hnn 
■ W.ilkiM 7/t///s r/tt;/, .S'.tt . lVj:k 63 , Hl.t 
'■ Mdnlfin.'iilini, is'lJ, 22 dSl 



m ' / \ CAUBON AND ITS AtLIES ’ 

1 \ 

TIN AND PHOSPHORUS AND ARSENIC 

Phosphor-tin, nindc by adding phosphorus to molten tin, is largely 
employed in the })re])jiration of phosphor-bronze. IL is ehsivsietenscd 
by extreme liriltleiK'ss and lirilliant fracture ; and microscopic examina- 
tion of its surface' shows it to be traversed by mimcruns interce])liTig 
straight lines, lielween ^hich is a softer matrix. Ry treatment e>f the 
Jilloy Avitli dilute nitric aciel the matrix is re'nie)veel, anel a phosphide 
of tin in the fe>rm eif ^^hlte‘, shining jdate's remains, wliu'h is feiiinel to 
have the cean|)e)silion Sn^P^-^ \Vhcn this compemiiel is he'atcel in 
hydre^gen seime of the phosphorus is remove'd, and wlu'ii it is act eel iipein 
by ceince'iitrate'el hyelreichlewic aciel spemtaneoiisly inllainmablc phosphine 
is hberate'el. If the' pheisjihielc Sn,Po is he'ate'el aleine* it leises semie 
phosplieiriis, }i('Iding a leiweT pheisphieic e>f the* com])e)si1 ieiii SiigP, which 
may also be eibtaineel bv the unieai eif pheispheinis willi speingy tin. 
When, however, finely eli\iele‘el tin is heated in phos])lie)rns vajieiur, the 
ce)m])oiinel SnP is obtained as a ^\hllc, brittle mass. 

Stannic Phosphate eir Pyrophosphate is a solid e>f rathe r inele'tiiiite 
conipeisition feu’iiu'el b\ tlie* combination eif phospheirie anel p-slaiinic 
acids, 'rile feirmaliein eif this substance seTxcs te> sejiar.ile ])lu)sphe)ric 
acid from a niliic acid solution, anel is sennetimes enijiloye'd foi this 
purpose; in epialiLitn e* analysis. Tm-feiil is adeh'd tei the nitric acid 
solution of a inixture' e*ontainmg pheisphate*, anel all the' pheisidioric 
acid c'liteTs intei ceimlunatieni with the p-stannic aciel as it is foinu'd, 
so that tli(‘ seiliitiein is fre'e'el freim phosphate'.® 

There is me-tallographic (‘\idence‘ eif the* existence of the' fe'lleiwing 

arsenides of tin ^ * 

SiijAsg, Sn4As3, SnAs. 


TIN AND CARRON 

• Stannioxalic Acid — It was shown by Hanse’mann anel Loni'iithaM 
that freshly precipitateei stannic hydreixidc is free'ly soluble' in oxalic 
acid solution, anel that whe'ii tins seilution is e\aporate'd a gummy mass 
remains ; anel IV'e'harel,'''’ b\ ehssolviiig stannic hvelroxiele' in peitassnim 
' hydreigen eixalate* seilutmn e)btame'el moneiclnne* cryslals. tei vliich he 
attribiiteel the' feirmul.i K2().Sn02.2C20j.7ll2(). Reisenluim anel 
Platsch ® isolated, henve've'r, in the* same way, crystals Inning the 
compejsition .‘3K2O.2SnO2.7C2Oj.5H2O, anel showed that a seilutiein 
' of this substance' gives the- re'actiems neither of tin neir of eixalic acid. 
-It is, the'refem', the* ])e)tassinm salt of a conijile'X stannioxalic acid. 
' The barium salt, 2Ra0.Sn02.4C20j. 21100, eibtaincd by aelding barium 
: chloride to a solution of the jieitassium salt, feirnis insoluble yliite 
, -needles. The free acid could neit be obtained ; attempts to iseilatc it 

1 Stead, ,/. AV I ml , 18t)7, 16, ‘JiM) 

® Zf'ihth un'tl Clum , 11)13, 58, 

* Johlxiis .nul Diiiiiiv, Compl nml , 11)11, 152, 1312 I’aii.ivano and d( CVmih, Atli 
Amul Litno, 1{)11, |v), 20, 1, .■)1)3. 

* HnTiserii.inn and 1 ,()Mc nllial, \n»ftlni, 89, 104 
® Pt'cliard, Coini't nml , 1803, II6, l.ll.'! 

IloB(*nli(’ini and Idcitsdi, Zeihrh anorg Chew , 1899, 20, 281 



TIN AND ITS COMPOUNDS 

yielded mixtures of colloidiil stannic acid and oxalic acid. TJiis powci 
of stannic tin to eonilniK' willi oxalic acid furnishes a ini ans for th( 
analvlical sep.ualion of tlic nu l.d. • 

Stannous Tartrate, Sn(',II|()g. is sIowK rornml nheii «i dilnlc 
solution of Lnl.ine a(‘id acts upon tin in pu s( nec of air ‘ 


• TIX AND SILKOV AM) TI XCSTKX 

Tin and Silicon. Litpnd siluon and Ini mix in all propoilions, 
ajiil, on cooliMi:. pnii' silicon sipaialts, (hi i niei lie heni^f piaclically 
])nri hn.- 

Stannous Tungstate, SnW () I (ilLO, is iniimd as a mHow pncipitiitc 
w hi 11 s(j1ui ions of slamioiis chlniide and pola*.* inin I imusl.ili an inixi d. 
It IS solnhli in oxalic <icid and polassinni h\(lio\idi solnlioiis 


DKTiaTlON AXI) KSTIM VTI()\ OK TIX 

Detection and Qualitative Separation. 'I'm is icsled for (pialita- 
liM l\ l)\ n <ic(ioiis in till diN \\a\ .ind in solution. 

'Tin eompoiinds an ndni’id lo Ihe inelid whin hialid on a car- 
bonisi (I niateh III (In niiii r blow pipi llaine. oi wlnniniMd wilh jiolas- 
sniiii c\aiii(le .md hiatid (mi chaicoal lulbn Ili< blo\\|)ipe. 'The bi ad 
of nil l.d Ihiis oolainid is \\iiil( and nialliable. bill ipinlJs bi (‘onus 
COM n d, will II liol. wilh a him of wliih o\idi 'I’Ik iin l.d may be 
idiiililiid In iK bi li.i\ lom uilh m(ii(‘aeid, b\ fiism<r .1 p.irlicli of it 
inlo a [)oi,i\ bead coloiind bine with a co|ipi 1 s.dl, wliin Ihe bead 
beeomi s iiiln-nd . or l)\ dissoUmij i( in h.dioehloiie .leid and .iddinir 
niiiemie (liloiidi (o Ihi sohilion of si. muons chloride Ihns loinu'd, 
wlieii.i wliili pn eipitale of nil lemons chloi id'*, 01 a^nev oik* of mi'icnry, 
will be obiamid 'I’m conipeimuK colour (Ik IJimsin llamc t^reyish 
blue, bill L'i\ I no spi elimn in this \\a\ 

Staimoiis and sl.mnic (‘onipoimds .in (‘ap.dile of iinnii runs leaetions 
in solulioii, which li.i\e bun 'fiMii m di lad 111 Ihe jin vioiis pa<,K‘S ; 
then fon oiiK lliosi ol .m.iU heal iniporl.inei w ill In n* be noliei'd. 

If a III! eoinpomid eannol bi dissohid m ii\ dioehloi le acid, as, 
for mslaiKi, sl.miiie o\idi , it ni.i\ In fiisi d with sodimn or polassinm 
ludioxidi , 01, be III I, wilh .1 nnxhin* of sodimn e.iibon.ih' and snl|)hur, 
winch jModueis sodimn I liiml.iimah . Xlhi Ihe i xei ss of sulphur 
has lx i n \.ipoiisid I Inn n ni.ims a daik blown 111. iss winch will 
clissohe eompleliK m w.ilir, mi Idiin^^ a m Ilow soliilion l'’n)m this 
solution diliili h\dioehloiic acid jin cipil.ib s lliiostanmc add, Il._jSnS3, 
which III. IN' Iheii be dissoUrd m conct nl i.iti d Iin dioehloric acid. 

Sl.mnous and st.-mnic siiljilndi.s are jin eijiilaled from sliuhlly acid 
solution bvliNilio^di snljihuh , and so are bioinrhl down wilhtlu* other 
metals of (Ik si cond anahheal irioiij) St.iimons siiljilnde, how'(*ver, 
isralhii lasiK dissohid b\ h\ dmehlonc a( id ; and, therefore. nnl(‘SS 
the solution is will dilutnl, will lx meonijil. Ii Iv jm eipitaled. lloth 
snljilnde S, toaelliei wilh tliosr oi ai .due and anlmioiiN, are scjiaratcd 
from the other snljilndes 't)f -(he i;ion|) Iin leason of tlnir solubility in 
alkali solutions Staimons suljihidi is, howiMi. impii belly dissolved 

’ ( h.iinii.in '/'///«'■ ('him. . I"r{. 103, ll~t 
* 'faiiia'ii, /"/'e/e anunj (him, IKn'.l 61, tO 
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sodium hydroxide solution ; but dissolves more reiidily in presence 
of a polysiilphide, such as may be formed by heatinjf the alUnli solution 
with sulphur, or addiui' to il yellow ammonium sulphide. This is 
because slaimous is thereby eon\eri(d into slaimie sulphide, whieh 
produces I hiost annate. 

If arsenie and anlimony were orii(mally [iresent with liii their 
suliihules will all be present m the allvahne solution as Ihio-salts, 
wlunee they will be pneipitated tot^ellur by dilute acid. X'aiTous 
means an* availalile for th( separation and identdiealion of thesi' three 
nu'tals. Arseme may fa* si'jiarated from antimony and tin by either 
of tw'O nu'lhods : 

(i) Boihn^r eonei‘ntrat(‘d hydroehlorie aeid dissohes the sulphides 
of antimony iinil tin, but has no action on sulpliide of arsiaiie. 

(ii) Dij^eslion with water and solid aminoniiini earbonate dissol\(‘S 
sulphid(‘ of ars(‘nie. but not tlu^ sulphides of antimony and tin, which 
may be dissolved m hydroehlorie and after I hi' remo\al of the arsenie. 

Thi‘ followiiuf UK'lhods are available for sc^paralmj' antimony and 
tin prese nt in hvdioehlorie acid solution : 

(i) Tile and solid ion is pouied upon a pace of /me ieslin;( on 
platinum foil in a dish ; when bv < hrtrolytic action nietaihe antimony 
is dc|)osited on the jdalimim, and tin upon lh(‘ zme. The th posited 
tin may tlu’ii be dissolved m eoneentrated liydroehloiie and. and ti'sli'd 
for, after dilutm*' the solution, bv means of me reurio ehle)riele‘. 

(il) AnlimeHiy may be* reMiioxeel and tin left in se>lution by jiassinj^ 
hydroireii sulphiele* f^as after aelehtioii e)r oxalic aeiel, sines' the* slanni- 
oxahe aeiel thus feirmed cemtains no tin ie>ns te) be pienpitale el by 
hydrogen sulphide 'Fin mav then be; ])re npitate'd fiom the' liltrate 
from the antimony sulphiele by melallie zinc, e>r the oxalic acid may 
be' destreiye'd by permanganate', anel the' tin then j)ie npitati el by 
hydreigen sulphiele. 

(iii) Seielium hydre)xide‘ is adele'd to the' solution cemtaining tin aiul 
antimony until the prenpitale'd hydroxide's are' restisseilvi'd ; bioiiiinc 
W'ater is theai aelde'd to eemxe'it slannite and anlimomte* into sl.umatc 
and antimemate-, and this is followed b\ seiliel ammemium ehleiride. 
AftcT the evedulmu of nifcroge'ii by the* act ion eif hypobreiimti' on ammonia, 
a precipitate* of stannic hyelroxide* se*parale's ow'ing to the' hyelreiK sis 
of annnoninm slannate; anel this, afte-r bealing the' heiuiel, mavbi' tilti reel 
off, lea\ing antiinonale in sediition. The' stannic hydroxule is the'ii 
di.ssolve'd in In droe'hloric acid, the* sedution reduccel tei the* stannous 
state by iron wire*, and the tin te'sted for by incrcurie chloride*.^ 

(iv) Another niethoel eif de*lecling .uitimemy and tin, which is very 
simple anel satisfactory, ceinsisls in causing iron wire to react with the 
hydrochloric aeid solution of the mixed ehleaieles. By this means 
metallic antimoiiv is sepaiated as a black pow'de*!*, and tin is re-duced 
to the stannous state, and may be delected, afte*r the* solution has been 
filtered, by the mercuric chloride test. 

Estimation. -Tin mav be* estimate*el : {a) volume*trically, {h) gra\ i- 
mctricallv, (c) ele*clrolyticallv. 

(rt) Tin will'll jm'se'id in the stannous stale is eshmate'd volumelri- 
cally by tiliation wuth .standard iodine solirtion. It is usual to add 
Rochelle salt to the* solution, and then cxce*ss of sodium bicarbonate*. 
The latter combines wuth the hydriodic acid forme'd so as to prevent 
* Walkor, Trans. Chem >S’w , IU03, 83 , 181 ; Caven, Proc. Chun. Soc., 1910, 26 , 176 
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the reversal of tlie rcjiction, ami Iho Hoehdh salt si‘i\es tt) relain Ihc 
tin in solulioM as a eoinjihA t.ii Irate The n suits ,ne .i|»l lo lx* low 
o^\ inir to .il iiiosulu lie osulalion of I lu sfaiinous sail . .md it is. I lu rt Idle, 
pulei.ihh al oiiee io add ( \e« ss of iodine and liliale hai U wilh lluo- 
snljdi.ih'. 'rill Mia\ he ishinahd in .u id soliilioii h\ addin'^ iodine in 
C‘\e( ss, and lilialini' li.ieL with diliih slannous soliilion of Known 
strenirlh, and also 1 )N .iddniL; t \Ci-ss of h 1 1 u- ehhu id< w Inch com < i‘ls 
stiurtioiis lido slaiinie eliloiide. and lilialmi^ wdli iliehtoinah Ihe 
ieiioiis lion |)iodu(‘id Whin lin is pusiid in .soliilion in Ihe slaiinie 
stall', the nnt.d in.i\ lie pu eipilah d h\ /me, linn dissohid in h\dio- 
rJiloiK aeid, ,ind Ihe solution tili.itid with lodim 

d>) 'I'ln IS I stiinahd i:M\ iim tiiealU as (lioxnh , into w Im h 1 1n metal 
is i‘on\ ei I eil l)\ I he a( I ion nponil o( niti K .u id followed h\ tin mnilioli 
ol lln [j-slanme aead so foinnd Winn lln lin i. inestid in an .illoy, 
tin stainin' osnh* so oht.nind will not lx pnn If eo|)|x r and non 
arepnsenl lh<\ max he se paiali d h\ fiisinL^hi impno* slannn' oside 
with sodium eai hoiiate and snl|>hni , ehssoix ini^ I In fnsi d mass m w at ei , 
and udinnn^r tin solution wilh sodium snlpliih , wInn lin sniphnhs 
of non <md (oppii will he pn (apil.ih d and may 'oe Hlhied oil and 
Wi'mlnd. Instead eif x\e>i'hinLi lln* non and <M>j>p<r snl|)hnl(s li is 
permissihle* lei i< pie (‘ipitah the* slamiie snlphnh fieim tin hlliali, 
eonxiit it into slannie e)\ide h\ mnilioii and w<ndi il as siieh Winn 
the alloy contains anlmnmx, Ihu nnt.d will lx j)H m nl as a ihn)- 
salL lo,i,n lln 1 with lin .ifhr Insnni eif lln e»\nh s e>f t In se me l.ds with 
seKliinn eaihonile and snl|)hm 'I'he solnlnae <*onlaninii' lln niised 
Ihio-salts is th.iled wilh eanslie peil.ish. hxelio'.nn pe loside, .ind 
tarlane ae lel ' lo cemxeit lino- mio o\\-salls and le l.nn Ihe l.dhr in 
soliilion ' ()\ahe aeni is tin'll added, followeii h\ lixdioireai sulphide. 
Dy this means tin i> Kept m se)lnlnMi, whilsl the aninnonv is pieeipi- 
tate'd as the pe nlasnlplinh - ll is then usual lo e stnnale the lin in 
the hlliale ( h el ie»l\ I icallx . 

((•) 'I’m when pi’ese 111 in solution as slannous eliloinh', may Ix' esli- 
male d I h el lolx I icallx hx tin me I hod <»f Kni,n Is,-’ h\ aeldiii!; !(► tin solid ion 
lixdiow laniiin to pre'xenl osidalion, toirellnr wilh t.iitain' acid and 
ammonmm os.date. and passim^ a cniieiit e*f < le et i icil x lhioni,di the 
xvaim solid ion II is dillicnil, howe xe i. to le moxe all tin tin 

Classen ' se pai.de-s anlmnnix e le e-t ie»Ix t le.illx fiom a sohdnni eifthe* 
sniphnhs m cemce'iilr.ite el seiehnin snlphnle, Im nol e'e)mim5 ele>wn if 
tile cm I'e id is x\e ak. 

Sanel ■’ h.is e*aiiieel end the i.ipni e le e I leilx I le e'stimatioii e»f Im, and 
its se'iKiralnm fiom anlmnmx. 'I’he' pine- me l.il was elissedxe el in con- 
ce-ntr.iteel snl|ihniK* acnl, anel lln seeintnm was elilute'd anel marly 
neutralise el hx .nniinmi.i, e»\aln- acid he mi^ aelehel to kee p lln stannic 
till ill seihdnm I'reem this se.hitn)n, hy the* use- e)f redatimr plalmnin 
clcctiodcs, ahold 0." ^ram of tin was eoniplelelx sipaiated m thirty 
minute's ov le ss .it a te m|)e lati re- e)f 70’ 100' ('.. xvilh a ciirre'iit of 
to a ani|x res ami 2 te) I xe)lls. If tin* sedutnin w.is olel. and the re Fe)rc 
containe'd semn- p-st.nmn* cemipemnel. the se pai.ition was nnire' dillicult. 

' lie'll/ Iiiiiinufinl f il'ilif'H, 

= Se-e-.else) XlVC-ix, / h//f/ (7,r/e/..s,« , I'MO, 32, hi-tl 

■' Kll>'e'k y.i thill I'Jli Uliii hi III . 2, 

4 (Wen, /;./ . im, 17. Is.sr,, is, iiiO; i.s»r,, 28, 20 i;o. 

» Sanel Tniii^i ('hem Stic , lOOS, 93 , l,"»72 , seu* aho P.is^tor, Xeitich. hl'klroihem , 1910, 

16,2k 
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separation of antimony from tin in an alloy such as typc-metBl 
has Leon earned out sueeessfnlly l.y the us,- of a fjra.M poS 

tnc ^Katci poit of the nitrie acid was expelled by heatine and the 
remainder destroy.sl ; and then the antimony m4s nslnml to t e 

somrTted 'nt'^f I '"t ‘V'’’-?'""’ h'lnnily. the antimony was 

Tin may also be estimated ‘ eleetrolytieally after niveinitation 
as sii phide bj dissoK nii; the jireeijiilate m ammoinnm sulphide s iliil'ion 
addii K siidiimi sulphite, and eleetrolysnif; the solution. 

and Ymliasaki’'^ '' '>' ''ii studied by Foerster 

I A/// //WJ/wr/ ./, mu, 98 . 'HU, ./ AW C7u,„ In, I 1<H I I »>S 

1 oi'ihtci .uid \Hinasaki. Zff/sfA Kl, ktiinh, m 'MW ’ "" 
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LEAD AND ITS COMPOUNDS 


S^ IM) 


LEAD 

Aloinic \\4 iiilit. ‘JOT JO (O 10) 


Occuirence. L(*jhI ini(l\ occurs Its im*'.! iinpoi l.iiit oic is 

the siilpliulc, i^dh na, I’bS, willi wiiu'li .in‘ «»cc.i -.U)n.ill\ .issori.ilt il the 
sdciiidi iiiul hlluri(l<‘ 'I’lic* c<immoii occmiuici ol ir.il. ii.i is io he 
a11nhul<<l to its nlatiM* iiisoliihilil \ in w.ihr. ilu u.kIiikss \mMi 
;\ liicli it Cl \ sLillis( s. .ukI 11i( I.k I lli.it it is huiiu »1 linm ollu i c»>i upon nils 
h\ \ ai loiis i< acl loiis, hoi ii \\i I and di v I’loh.ihK its na1 iir.d loi ni.d ion 
IS (Mininonh due to lln .iclion «>!' li\dioir<u snlplmlt on otlni li'jid 
compounds iii pi«s<u(( orw.ihi ll is louiul .issn(i.dcd wdli «piail/,, 
lliioispai, calcsj).ii, and hai\t(s in n.iiioiis ol<i'Xic.d sli.ala, is widely 
dislrihuhd t luoiit,dioul the \\oiM, .iiid occui . m \<ins or 11. i( Ixds 
1)( t ween 1 In sli.il.i In (’<»inwall .ind 1)< \ «ui, ij.dt n.i In s in \ ( ms < .illed 
‘‘ kill. IS " wiilun an aiuillaeious sehisl tir lln* l)i\om.in loim.dioii; 
III and aiomnl Alsloii ]Mooi, at (In pun lioii ol Nmilumihi il.md (’imiher- 
laiid, and Dmliani. tin s.uue ok is ioiiini m 11. d \<ms or “Hals iii 
eaihomr^ioiis Imnsloin , m Sluopsluie, p.iils oi Waks and Seollantl, 
and tin Isle ol M.m, tin* ok oeeuis in Kicks of (In Snuii.in roimaiioii ; 
whilst m p.ai Is of Ik kind it is ioiiud in ^i.uuh'. 

'riiounli of littk' practical impoil.UKM, lln compk \ sulplinh s in 
which kad is associ.dul with tdlnr nn l.ds aK luinn ions and mt^‘K-st- 
inn, 4 md mchnk ihio.irsc nnk s. (hioanlimonnk s. lluohisniiil link s, and 
IhiosLumnks ^rNjac.d luincrals ol ihis kind .iK 'oHitoutt. IhVs^Sjj 
zinLniiti\ PhSh.S,, hnunfoniic, /ink.nili* lias hem pro- 

ducid .iiliticiallC Ik Iiisinj lo‘r. (Inr y.ik n.i ainl s|ihiid<- m tin proper 
luopoihons.' ir lln siilphnl.- is Kj.iKkd .is lln rnndaiin nl.il l(‘ad 
mmcial olln r niiini.ds arc <k'ii\<d I’loni il h\ oNidalion, caihona- 
tion. (Ic 'rile o\nks aic i.ikK round, Iml oc( nr .is IMiO ; 

mimuni. l*h,(),: and ifluiliicnlr. PhO^. 

r/K/ss/Zc. k. ideal honalc, PhC'O ., i.inks in \1 m impoilaiin Io cjdciia 
as a k .id OK. Ils rtuiualion is .dliihul'(l Io lln .iclion ol caihonatcd 
waters on otlur lead compounds. Il is loiind m !)e\on .ind ('oinw'all, 
ill Yorkshire, at laadhills in Sctdlainl. and m (’oiinly W leklow'. A 
basic carhon.de. known as //i/d/n(vn/ss//e. is Ph ,{OI I ).^(t O-,),- 

Lead elilornk , PhC'l ,. occurs .is lln- laie iiiineial rohifiitil(\ piodiiccd 
as a 'suhhm.ite in ^ok■anIe achoii ; tlie hasie eliloiides, watlorkite, 
Ph..()a.^, and mcmUptic, Ph,0>C’L. are Inlhi known, hut the cliloro- 

cai-lxiirate. fjiios^rnllc. Ph.(1/’U., is ran. 

lead siilphaP. PliSO.,, is a iniinra! of some importance, 
occurring at Lcadlulls anft (.Iscwhere; it luav ha^c In eii formed as 
an oxidation product of caleiia, or b> the* action upon this mineral 

* Eournct, ./ ptultl ('htut , la 14, 2, 490. 

:i05 
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of acid ferrous sulpliate solutions formed by the oxidation of pyrites. 
Basic lead sulpliate, PbjSOj, occurs as the rare niiiuTal lanarkile, 
whilst leadhilhtc is PbSO Pb(C)iI)2. 

licad chromnic, ]M»('r(),. occurs as tiocoiic or cwrus/Zc, tin* molyb- 
date' Pi>!\I<)f)j, as wnll'rniU\ llu* I ull^^^lal(' PliWO,, as .s/olzilr. 

Lastlv 1 licit' an thn't' miucrals which are* mUrcsIuur tm account 
of tlicir isomorjiliisni : llu ('hlorophosphaU' pi/inmoijtJ/itr PI)-(P()|) ,C 1 , 
the chloroarsi'uati' mimchle or mimt'tesite Pl)j(AsO, and .the 
chlorovauadati' ranadinilc Pb3(V()|)3Cl. 

History. — Ticad was one of the' se\en metals known to the ancit'iits ; 
and th(' Ktr\ pfians w'dv probably ae(]uaintc(l wilh it three thousaiul 
years aj^o. It is mentioned several times m the Old Testa,meni ; and* 
to;ri‘(her w’llli tin, was found anion<;st the spoil taken by Tsiael from 
theMidianiU's (Xumbers \\\i, 2‘2). The name used for it wms dphert't, 
deri\('d from apliar, siirml’Miijr (rrey. The Gret'k etiunalent of Ihis 
Avord is to wiiieli is related tin' W'ord wlueh oritjinallv 

UK aut leael. ll is doulitfiil how' far lead was disluii^mislied rroiii tin 
in th(' t'arhesl Imu's; a disimelion w’as drawn, however, bv Pliny 
be'tw't'e n Ihtse twei metals; for, acce>relm<f to him. lead was plumbum 
uiiiniuf, whilst tin was plumbum album eir caudidum. Le.iel, or an 
alleiy e'e)ntaiiiim4 it, ajipears tei have' be'cn useel liy the liomans for 
pi[)ts for eemveNinix water. 

Ac'ceinlmif tei their e'usleim eif assoeiatmtf nie lals witli the he'avenly 
beidies the ale'he mists aj)pe»rtie>ne‘d le*ail to Saturn, anel i^av e it the 
svmbeil li. The nce anise* the ael|e*e'ti\e saturnine', whie-h me ant [le itam- 
m^r to leael ; <• a minium was known as saturnine' re-el. It is mte resting 
to neitie'e that this aelje'ctivc is still empleivid to sienifN the leael-like 
epialitie's eif dulliu'ss and he'aviness. 


TIIK Mh:TALLrB(;V OP I.KAI)^ 

Owinjf te) its eas\ re'elueibiht \ leael was extrae'te'd fieim its eins in 
very calls limes. The IJeimans manufaetureel leael m Brilaiii, and the 
remains eif roii^di furnace s exist m i)e‘rb\ shne* anel else whe ie, in whie*h 
the eire was ndiice'd by nu'ans eif ehareeial. Ihihl the mielelle' eif the 
C'ipfhteentli ce ntuiv a kinel of blast -furnae't was m use m Kii^Iaiiel, but 
about tills lime le'seibe latoi v ruin.ie'e's, |)n'Mousl\ emplo\eel m Kimt- 
shire, were mtroelueeel inle) this country. 

Three disiine'l processes are neiw' empleiyed m the me tallurgy of 
lead : 

(i) The- air reductiem preice'ss. 

(ll) The* carbem re'diictiein pnice'ss. 

(ill) The preeipitatiem process. 

(i) The Air Reduction Process is applicable* to ore's consisting 
chiefly eif galena, aiiel fre'c from othe'r metallic sulphieles and silica. 
The te'rm “air reeluelieiii ” seems aneimalous. It applie's to the pre- 
ferential eixielafioii of sulphur, wdie're*by from galena, metallic lead and 
sulphur dioxide result thus : 

PbS + O2 = Pb -p SO2. 

‘ Feir a elcliiilod ae’ce)unt of the* practical Mctullurgv of Leael, sci* Lruil, by If F. Collins, 
2nd edn. (C. (Jnlliii und Co , Ltd , lUlO). 



j,xo L/a wvi 

This iTiicl ion is not, however, direclU lealisetl ; but the following:; 
reiicti<Jiis of «)\i(hitn>n liist taki* plaee . 

.lMM)S ! ;U), -Jl^hO ! ‘2M). 

' 1M)S : L'O] IM.SO,. ^ 

and Must Jill Idllowul |)\ iln. iiiU i.icIkhi «»1 Kad siilpliide 

willi <)\idf and snl))liali‘ Ihiis 

' il*l)S : 2l‘b() .‘{PI) : SO. 

, 'IM)S !- PbSO, 2l*b ■ ‘JSO,. 

'rile l.ilhr naehnn, lin\\«\»r, is lial)li lo he umismI h\ llu aelion of 
exei ss (>r sul|ilnii dioxide on lin lednecd l» .id. 

t’oni eondilions of < (jinlihi iiiin. indi ( d .iii' possible, and aie lejire- 
senli (1 l)\ I he (‘<iiialions * 

IM)S I- PhSO, - ‘JIM) i ‘JSO. 

PhS • ‘JPhO • .‘JIM) I so/ 

Phs i :jPhso,. ipho I i.so. 

PI) : PhSO, --‘J1M)0 1 so/ 

Aeeoidinij lo Ihindtis,'*^ in llu inh inel ion of !< .id siilphidi* wilh 
had sulpli.ihx .uul tiu loiin.ilion of iiu lullie h .ul .ind siilphiii dio\id(‘, 
the li\i follouinL* nnix.ihnl s\ shins, i.ieli ettnaslini; of lliree solid 
])lias( s, sneei ssi\ oh oeeiii and ni.ii k llu i^i.ulnal < liniin.il ion of siilphnr * 

(1) IM)S IM)S(), PhO PhSO, 

(‘J) Ph PhS PhO PhSO, 

(;j) Ph - PhO PhSO, ‘jPho Pi).so, 

• (1) Ph -‘J1M)0 PhSO, ;jPh0.1M>S0, 

{:>) Ph -.‘jPhO PhSO, PhO 

Prom llie xjiponr pussiin eni\( ol llie liisl s\shm llu* Ihi'i'inal \aluc 
of the K'Jielion 

!M)S , PhSO, ‘JPh I ‘JSO. 

IS e.denl.ihd lo In - ealoins; and IVoni llie lu.als of roniialion 

of llu' eonipoimds cone* 1 lu d lo hi -- t)‘J, 1 70 e.iloiu s al ‘JO’C. 

M’liisi i< .lehoiis .111 e.irried Old in a n \ < iIm laloi \ fninaei (Ki«f. 13). 
'rin- eli.'i'^i of oie, eoiisislmi; of lioni PJ lo Jl ewi., is inliodiiced 
lliroiiuh ilie ho|){)i 1 on h) llu lu.irlh ol llu hMn.u‘(, wliieli is hollowed 
so ns h) .illow Ihi niolh n le.ul lo eolh el .iho\<-llu l.i))|'in«r hole, and 
flow lliroii'di d nl I he piopi r lime inlo .in non pol M'lu le .iii several 
doois suiiomidniLj llu luailli wliieli .-dlnu I he li mp. lal iin* lo he regu- 
laled Mild llu mass lo he rahhh d .d inh n .ils 

Til llie liisl |).irl of llu opii'.dion llu •)!! is luiihd helow a lull ri‘d 
heal, and iiol allowid h) elol , Mini llnis uhsoiplion of owgm lakes 
plaee udli llie foniialion of oxule and snljilinle aeeoidinu^ lo the first 
tvu) r<aelions Wlu n iliis oxidalion is jil .in muI llu doors of Ihc 
furnace are elosi d, and llu hiiipd-.iliiK is raisdl lo a full n-d heat, 
and thus inaiidaiiud for ahoiil half .in hour. 'I’he m.iss now becomes 
’ plastic, ndiielion to nielajhe lead tak.s jilan, and Ihe molti n metal 

1 .md .Mmtli, /’/or Chnl S<.. , ls')7, 13 , lOl, SJuiu-k and U.-mslmch, Her., 

<:.',ul,,a«n), /’r.» K \Im.I .Unladam. mi, ij.m. 



cpUects in the well of the furnace. In order, however, to separate 
the metal from nnredueed ore, the furnace is fillowed to cool somewhat, 
and lime is added and mixed wilh llie ehaij'e by means of a rake. 
This makes a shff sl.i'jf, from wliieh the inollen inelal move easily 
sei)arali“s, and also serves lo combine W'ltli anv siliea present, and 
liIxTate lead oxide with Axhieh tin* silica niav ha\(‘ been comliined. 
Lastly, the l( mix'ralnre is a"am raised, and more lime is added, so 
as further to stilhai lh(“ slaij : then the mollen metal is rim off from 
the lajdiole, and the solul slaj^, 1(‘ehmcally known as ^/vv/ raked 
out from tlie fiirnae(\ Som(‘ slaij, howiAiT, slill remains wilh the 
metal, and Ihis is elimmatixl by stinm<( coal slack into lh(‘ mass by 
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means of a paddh. The combusUoii ol the co.d mells and liberates 
the metal conhii'd in the slaj', and the latter is tluai skimmeil off from 
the surface of the metal. 

The sla<y may contain as much as <t() per cent, of lead, whieli is 
rcco\(Ted hv treatment in a special hlasl-fiiriiaee called a si a;^^-li earth, 
or in the hlasl-rnniace emjiloved in imdliod (ii). Ores smelled by I he 
air reduction process m Flintshire contain from 7,1 to SO per cent, of 
lead, 00 })er cent. ofANhieh is obtained directly from tin- res erheratory 
furnace, and the remaind(T by the subsequent treatment of the slaf(. 

(li) The Carbon Reduction Process.— Ores in which lead exists as 
oxide or earbonali' can readily he reduced by carbon. afliT lh(‘ manner 
in whicli iron ores arc reduced ui the blast-furnac(‘. Mori'oviT, lead 
sulphide, oeciirniuT as lUMlena, mav be converted into oxide by eflicient 
roaslin^r, and this oxide may subsequently he reduced in the' same 
way. Hesides this, the method of carbon ri ducLion in a blast-furnace’ 
is applicable to ores coutaininir silica, irm ami copjier pyrites, and 
jothcr minerals. Fousc'queutly, the carbon reduction process is now 
perhaps the most important part of the metallurgy of lead. 
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The hl.ist-fiirnnee (hi*' 14) in whieh lend ores sin’ smelted is reetiirt- 
«nJjir ;in(l alxnil .*5 feel (; mehes wide, and 12 fee*! al)o\e ihe tiivtVes. 

ill- lowiT pail nr hosli of Uie fiiinae<- is madt uf (ast-inni nr'sleel, 
and surn)iiM(|(d In a WMhi-|aelv(l llnon^rl, Ui,. 1 ,,^^'hs pass; 

tlie iesi of llie liiin.iM is lm. d \mI li In e-l)i n-k 

Hi«' pi(‘|ii,nnai\ pi(»e< ss nf kmsIim'^ms eai 1 1. d (,iil in a i . \ ei lx i .d .n \ 
liini.-Hv or in a ussc I shaped like a llessenn i emm ih r, (liroin^rli ^s|.,ell 
air l)Io\Mi. Wild! Ilu' had sniphult* has lx eii coin n Led lulo oxide 



1 


©. 






t/- 




D f 


L 






I'h II I'l.l't-llMIi M r 

I din III ' lliiiii 
li Chaf.iiff pijM* 

(' ]{I.i~l iii.iiri 

/> 'I'lix eii’-!. or lil.id-jiiiH ^ 


lm li xl am If iix? 

/ W ill I 1 1< 1 1'l ‘'Uirmmdiii:' 

111 III li of riiin.x I' 

/’ SI r' ll|i 

(•' 1'.ii»li'ili ^ 


and sulphate, (he loasled ore is h(«il«d to ineipii nl fiision whieh eaiises 
coml)inaln)n lxl\\<(n had oxuh and sihea ire(,j.]xi is jiKsent in 
the OK’, tin siilphiir is no! all oxidisid l)\ loasliii'f, lad soini- is lelt to 
comhiiit- wdli I in- eopiur and form a malte 'I'ht loasltd oie is then 
"smelted in llic blasl-fnnmee uilh eoke ,nid a Ihis eonsislm^r essdiliallv 
of iron itself oi eompoimds* <•'’ non. The non mas lx m Ihe foim of 
or(‘ which may or may not Iki\( Ixcn oiiumallv assoeialed with tlic 
lead, or in the form of basic non silicates derned from the refiiiinj; 
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370 CARBON AND ITS ALLIES 

or of iron, or from co|>])cr smclLinjr. In ilu* snK'ltinpf process 

some of llie o\i(le is direclly reduced hy llie cjiil)on of iln* fuel, 
but for llie mosl p.ul llie iron is lirsl lednced, mid lliis in liirn reduces 
the lend. MonoNcr, if had sulpliuh* is jinstnl melallic iron ^\lll react 
\Mtli il, foriiiuiLr iron sulphide and milalli(‘ lead; lhi‘ iron ^Mll also 
. decompose had silie.ih'. IiIk ralniLi Ihe melal. And since malc'riiil poor 
in h'ad (‘an l)(‘ snulUd in this fninacc-, Ihe y sl.iirs formed bv the 
snu llnur of iruleii.i III lh(‘ r(‘\ ( rl)( lalorv lurnace nia\ be reduet'd lier^*. 

Th(‘ shiLT should consisi of Ihe silicates of iron, calcium, aluminium, 
and ma^rnesiiim, .iiid iiol contain mon* Ihen [ler c(‘nt. of le.ul ;• if, 
howevi'i*, siilphm \\as si ill pn-senl m Ihe or<'. lln ii* will nlso be a matte 
or ri f^mhis of snlphuh'. of h‘ad, iron, and coppi r, toijelhir sometiiiK's 
\\ilh silver and <rold 'I'h(‘ ni;ilh is ri'snielUd io itniove llu' lead and 
eonc' nl i.ile lln* copper. Lead obl.imed from malic', howe ver, is \('rv 
impure. 

The Cnnth'nsalifiU of Lnid Fuinr.- Owini^ 1 o ihe* \ohilihtv of h'ad 
soiiu' of il IS (*;irri( d .iwav and oxidised m llu' j^ase s jiassm^ from tlu' 
differenl fiiiiKKes emplo\ed m the' e\lr:iclion and ]>iirilic.ilie)ii of Ihe 
metal. Wiiioiis compounds of h'ad with olher prodnels are d* posite-d 
■W’hen Ihese' <r.is( s (‘ool. .ind cousliliilc' ‘'lead fiime 'fills “fume*” 
consists ehi( llv of lead oxide and sulphalc', loire lher with smaller 
(|uanlilies of had snl|»hide, feme oM<h , alumina, /.me o\id(', hmc, 
and insoluble' mallc'r, and \aiious ariam^e'inenls ha\(' bee-n adopic'd 
to ceille'ct this fume', and resniell il. The' meihod iisnallv eniplovcd 
is to connect Io Ihe furnace's lomr Hues which mav be- as much as S fe(‘t 
bv m eross-sc'clion. anel from three to five' mih's loiiLf. .le ts of w’ater 
or ste am iimn be maeh' le> eaile r ihe Hues at inlc'r\als Io assist pre'cipita- 
lion of the fume : or a lilte riiiLT arram^n me'iit of (a'^Ljeils, ^^aii/c, sawalust, 
or cainas bai^s, known as ba<r hoii',e max be tmploxed. An 
alternaiive meihod - i ha I of Ahssis. Wilson and Fre'iieh- -is Io pass 
the* fume-ladc'U lease's, after ceioliiiij, lhre>us.lh a, e'einde'iiscr conlamm<^ 
W’ate-r m which ihe* fume* is deposibil 'Fhe' sludi^e* is then re'inoved 
to a setllmir Link, x\he*re* ihe- fumc' 's se paraled fiom nmsi of ihe* wate r. 
It is subse (pi( 111 Iv ell le d and sine lied in a blast -riirnacc* 

(ni) The Precipitation Process. 'I'h's “pioeess of airmity,” w'liieh 
consists of the' re'ar*hon 

PbS-l-Fe* F.S 1 IM), 

plays some part in ihe smellmif of hael in Ihe* blast-furnace* alre'aely 
dcscribe'd ; olhe-rw^ise* it is of ielatixe*l\ small impoilancc. It has, 
how'eve'r, been ('mph)ved m France* feu* ihe* r(‘elu(*lion of Spanish uah'iia 
in a reverbe ralorv furnace*, bid is said io be* xvaste fiil and e'xpensive*. 

PFUIFICATTON OF LEAD 

Pier lead, obtained by any of the* above procc'sse s, contains a number 
of impuiiiie's; Ihese* may be* antimony, arsenic, copper, /.me, iron, 
tin, bismutli, silver, nickel, cobalt, and sulphur. The "e*ncral effect 
of th(*sc impuritie's is io harde*n the lead ; silx'er, more'over, liiay be 
recovere'd e conomie'allv from the le ad, mue;h of this metal bein^' now 
obtained fremi artje'nl ifereiiis pfah'iia. * 

There are*, therefore*, two distinct branches of lead purification ; 
softening and de silverisalion. 
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Softening of Lead. -'l’IuTc aic two pionssis of soncmiij^: lupin- 
tion iiMil oxid.ilnui 'I'lu* piociss dl* Iiijiialio?!. is (inploycd 

C‘S|)((*i.iIlv Id (limiiiali- (‘d|)|Mi. cdiisisls III call riilh JumImili llic iTiuU* 
iiK'lal on till' sldjjinir lud of ;i k \ i ilu laton linn. us. A pnui Iisid 
iiu Its and runs l(.i\in<r In innd .in .ill<i\ xsiiich cdnljiins llic 

Cdppi r Idirilhcr with nn‘Iv( I and cdii.dl, .ind sdiiulmus aist im* and 
.siiiphiir. 

^)llui iinpnnlK's an* nnid\(<l liv oxidalidu 'I'lic incl.d is nu'Ilc'd 
in .1 K \ ( 1 1 » i.ildix finn.u*!*, and ixposid .d .i nd lu al In llu* aclidii 
ol air. A scum Idinis on llu* sinl.'us , Cdnsislm'^ df ilu innic oxidisahlc 
nnpnni h s IniT, ( li, 1* sdiiK oxidi of li .id , lime is sonu I mu s .iddi d 

to slilfin llic scum, wliuli is umoxed fiom Imu* lo linu , ami llu* 
inolh n l( ,id luiu.illi il is hshd ;iJ mhix.ds. so Ilial (In |iidccss nia\ 
be* (.‘oidimud until dxid.dion of impmiliis i> (diniilih 'J'lu Inst 
oxulalion prodncls cdiil.im niosl df llu* Im, l.di i oiu s llu .inlmionN. 
Hisnmlli IS nol nmoMd m lliis \\.i\. siiu*« il is not nunc d\ulisal)lc 
Ilian 1 (, id; bnl it is .issoci.ih d w il li I lu* sil\ « i m ilu* P.ittmsdn pioci ss 
for di sil\ I iisalion 

^ Desilverisation of Lead. -Oi i<rin.ill\ llu onl\ pioii .i\ .nl.ilili* I'oi 
ncoMiiiiL; sil\<i I'loin ai<,u nlib loiis |« ad vs. is dial of ciipi Hal ion. I)\ 
which all llu l( .id was oxidis* d, and so lu • d< d .nj.iin lo lu i(dii((d 
lo nu l.il Now Ihin ollui jno(*tss<s .m in n,i which .ii« associ.ihd 
wiih die nanus df P.d liiison. IJo/.in. .ind P.nki . 

The Pattinsoii Process. This piociss, diiulmus spoki n ol as 
Pallmsonisinif di P.d I nison.iLjc, w-isiiimiiImI 1i\ lliuji L« i l^dlmson, 
of N(‘wcasd( -on-'IN ru . \du) look onl a p.ihni. m Oiloixi l.s.'l.s, for 
“An improxid nulhod of si p.ir.il imr sil\ « i hnm k.id*’ 'I'lu* nulhod 
d( p< nds*npon llu f.u I lli.d wiun an allo\ ol had with nol mon* Ihaii 
1 <S per c( III of sib ( 1 is nu Ih d, and allowed lo < ool slowh , pine lead 
(■r\ sl.dhsi s Old, h.iMiii; a inolh n allo\ iielu'i m sil\(i 'l lu* pim(*iph‘ 
of die proetss is llu s.mu .is lluil .iccdidmi,^ lo which pun* ic( si p.iiales 
wh( n a diluh a«|n<ons solnlion of ,i snhsl.inei is siillu u id l\ cooled. 
AIok o\ ei, pule h .ul is dc iisi r in llu solul lhan in llu lu|ind sl.di*, and 
Ihcn foK sinks lo llu hollom of llu* molh n .illo\. 

Tlu pro(*( ss IS c.ii I u d onl in .i si lu s of non pans, i .leh lu ah d (»\ I'r 
a i’ll c 'Tlu 11 .id IS nullidm llu* liisl p.m, skimnud, and llu n allowed 
to cool ; die spniiklmir of w.ih r on llu siiiface lulps Ihe (*oohni,^ As 
solid k .1(1 sip.il.ihs il IS piislud biiu.'dli llu* siid.ice ol Ihe molten 
iiiclal, so Ih.d il m.i\ ledis.oKi il jiossiblc. Alhi .i lime (*ryslals ol 
h*ad a'cciimtilah .d llu boliom of llu p.m .ind .m llu n iinioMd by 
a peifor.ihd l.ulle, ;iIlowid lo di.mi fiom llu liipiid .-ii iji id ili ions lead 
on their siirfaci , and llun pl.icid m llu ru \l p.m. which h.is already 
been made hoi i nonudi lo nu H Hum In this w.ix I wo-l hiids. iir cvi n 
as much as s'*\ i n-i nrhlhs. of llu iiul.il is i(mo\id from the liisl jiaii, 
icaMiiii bihiiid a coi ii spondmi,d\ imielud .iilo\ In practice altirnali* 
pansof dilTi n id ipialdies an ucia iall\ bi mir cr\ slalhsi d smmllaneonsly, 
■ind tlu* ricli riinaindd <»f nni ])an is mivd m the iiitei \ i nin;^ pan 
with the inirci 1« ;id fiom ihc ollu r p.m. lU sncc(*ssi\ c ci vsialhsalions 
- and remoxals of had from llu* vaiions pans, Ihe oii.rmal alloy is Ki’adu- 
■illv separated mlo j)mili(*i Ic.ad al <>n( end ol Ihc scrii s ol jiaiis, and 
an (Miridud alloy at the other end. So from a lead coidaimiio only 10 
ounces of silver per Ion. a rich alloy coidainmir from OOO to 700 
ounces per Lon is sepitf’alcd ; this is then cnjiclled. The Pattmson 
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process is generally employed for lead too poor in sil-^er to be profitably 
dealt willi by anv otlnr [u-oeess. 

The Rozan Process or Pattinsonising by Steam. — 'J’liis process, 
introc bleed in llie \\orJs.s of Jiiiee and llo/an td Marseilles, li.is been 
desenlied by Cooksond Two j)ols only are recjiiiri-d, a nulling [)ot 
and a er\sLdlising ])ot. Th(‘ molten iilloy, al'ler reino\al 1‘iom (lie 
mt'lting to the eryslallising pol, is shrred up in lh<“ latter by bigli- 
pressure slea.ni, \\hile lli(‘ surface of the metal is cooled bv watcT. 
About two-lliirds of the lead is allowed to eryslallise, and then the 
still li(piid alloy is drained off from I he crystals through sjioiils iirolecied 
by ])erjoratc‘d jilafes, ^\hlch prt“\(‘iit solid l(‘ad from leaMiig Ihe j)ol., 
Another charge of lead, of silver content eiiiial to that of lh(‘ crystals 
rcmauimg m th(‘ cr\slallismg pol, is add(‘d fiom the melting |)ot, th(‘ 
whole remelted, and the opii-alioii rejieated. It is el.umed for this 
process lliat it obviates the need for ])r(‘vious softening of Ihe had, 
since tlu' steam, either itself, or by the air it eariu's into lh(‘ pol, caiisis 
the oxidation of im])urities ; also that its use (‘fleets a great saving 
in labour, fuel, and the amount of dross fornu'd. 

The Parkes Process ; Desilverisation by Zinc. Molten lead aiul 
zinc are pailially miscible li([Uids. lilv(‘ vv.itii and elhi‘r. iMpulibriiiin 
is established lietweeii th(‘ two Inpiids v\lun tlu* had has dissolved 
1*() ])er cent, of zinc, and lh(‘ /me 1 ‘J p( r cent, of lead. It was observed 
by Karsleii in 18li2 tli.it silver is inoie soluble m molten zme than in 
molten le.id, so that zim* wlaai melled with arge ntiferous J( ad will 
remove and dissol\<‘ its silver; just as, for example, aniliiu^ is mor(‘ 
soluble 111 ether than m walei, and (llu'i* when shaken with water 
contaiuiiig aniline will const (pit ntlv thssohx' out lh(‘ aniluK' 

Piaetieal use was made of lluse facts li) Ah'xander PaVkt's, of 
Birmingham, who, m the vears 1S.>0 to l.S.VJ, took out patents for th(‘ 
dcsilv'ensatioii ol lead bv zinc. 

Tlie lead is melled m om* of a series of pots, and h(‘al(‘d l«) llu‘ 
meltmg-])omt of /me. Slabs of zinc art* Iht'ii adthd, and tin* conlt nls 
of the pot are stirred until the zme is melttd. Tht* amtiimt of /me 
used varit's between Ij and 2 per et*nt. of the lead, acetirdmg to the 
qiianlity of silver })iesenL ; and it is g. nt'rallv added m tim e successive 
quantities, the sepaialed and sohdihed zme, containing the silver, 
being reinovt'd to a smaller pol befoie more zinc is adtled. 

The zinc remaining in the desilv erisetl lead is reniovt'd by oxidation 
with air or steam, followed bv skimming; or by the aid of an alloy 
of copjier or ct)})per-alumiiuum with lead,^ which lakes up tlu* zme 
and forms a crust on tlu* surface of the lead. The zinc is tht n recovered 
from the alloy by distillation. 

From the zmc-silver alloy, some of Ihe lead that it contains is 
rcmov'ctl by htpiation. The alloy is then heated m a lire-cl.iy retort, 
by which means the zinc is distilled and recovered; and the rich 
silva r-lead alloy n'liiauung is then cupi'lh'd.'* 

If gold and copjier are present m market lead they an* also si paratcd 
from it by the Parkes process. 

Electrorefining of Lead. —Lead is re/ined by electrolysis, imjiure 
lead being made the anodi*, and a thin slalvof pure lead tlu* cathode, 

' Tooksoii, Ttans. Xnntt'tfle ('hrm Soc , ]878 

“ (‘(Kb, (termnn Patent No 207,104. 

^ Fur a doHciiption of cupcllation, bco under Silver, thm scries, vol. ii. 
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in a, cell ccntamiiiir a suitahh lead solnlion as the dectrolyte The 
nmsl siienssriil |>i,K‘iss IS (IkiI oflMts.' wlunan (la (Ieetn»lvli‘ consists 
ot (I soluliDii oi It .1(1 silieilliionde. ft >11 in d In diss(.l\ inir (Jk* e.nlioiiatc 
IM a<jiie()iis li\ (ln»llin)sili( le aeul. to nhieli is adiitd 1 pai! of i^il.itmc 
in .-iOOO III (,nl, r (<, s.eim a (..h. kmI d. ,.| h.id. The (Nehn- 

dcpo^itnMi of lead is also mix s;,| isfac loiilx eaiiud oiil hy llu' eniplov- 
nicnt oi a solid loll ()| [Ik pt k Idoi.ih - 

9 

iMioi'KirriKs wi) i.sKs or i.km) 

Physical Properties of Lead. Li.id is Mmsli and wlan 

linoxaiisid has a hiichl, slci-niu .ipi'iaiaim, will sun in (la iixslals 
sc p.ii.ih (1 lioiii a h id sail suhilion hx /iia, in lla roMn.ilion of (he 
so-e.ill( (I Itad-litt L.inihtil and ( iilli • ‘ h.ixt pKp.iitd pine h .id h\ 
the nil I liod ol S|as,* .ind dis| illt d il m a \ a< iiiini in .1 si la .i tnlie. Tla‘ 
j(lol)iil( s ol na (al ohl.iiiad h.id .1 xtix hiiiliani liislii, iisiinhlini; IIi.lI 
ol naieui' 01 silxii lla hinish linl iisn.illx issoeiaUd wilii had lx niLJ 
enl 11 « h, :•'> .( jiMi 0,11 1 la m 'Fla fn sh sni I.km ol lla na l.il i.ipidix lx ( oines 
(lull (KMiiLf lo oMililioii, pioh.ihlx wilh (la loinialion ol tia snl)o\idi, 
PlijO , and Hail post ids lla .ij'pi.nanei oidin.iiilx assoeiahd wdh 

lead. Li .111 IS dimol plains, ei \ si alhsiiiuf in lla ilLjnl.ii .nid nionoelnnc 

s\ slims Ihirnl.ii oel.daih.i .in piodnud wlan Ihe niolli n nalal 
soliddns, and .in lx si old, mad l)\ .dlowni'^r a einsl (o I'oim and Ihen 
poiiiin*^' aw.ix I h> slid lapnd nalal I'loin lla slab of x.iponi had 

ei\ sl.dli a s III eomlnn.il ions (d‘ lla nun!, 11 ixialadion and enix'.'’ 
]M.d( s xxliieh .ippi.ii lo he inonoelinK ,in foinad hx Ihi' ileeholxsis 
ol' solutions of h .id sails l)X Itihh eninnis. hid xx la n si lon^ eni n ids 
are inifiloxiil oel.ilndi.d eixslals stp.iiah \ie(»idmif lo I'.lhs and 
lliKon.^ had in.ix he (hp(>sd(d dniim/ < ii < I n dx sis, <dlai in shniini( 
plalisoi .IS ,1 spoiiifi (d’ niieiosi-opa* la ( ilh s lla sjionijx di jiosil lx 
due lo lla‘ ims'iax <d |)lnnihi(‘ s.dl in (la ilieliolxh In lla ^lowlli 
of (he h ad-l n < , howt x 1 1, xxia n a nxl (d /me is nnna isi d m .i solid ion 
of h ad aei I di , Ihe sc [i.i 1.1 1 ion <d' pl.ih s 1 , In (pa id i\ I'olloxx* d hx tiu' 

apjxai.uiei (d .1 spiMiiiX «h po^d \ li\(i’ ol sponiix h.id is Toi med 

on lla (.diaxh dmmi; lla <h(diolxsi> of ^nlphnll(‘ aeid xvdh h-ad 
eh el lodi s " 

'J'la d( iisil X’ of h ad h.is hei n (h h 1 nnia d niah r x .iiioiis eondd ions. 
Lead Ih.il h.is hun poend wliih icdhii mio .h r h.is .1 (hnsdy 

(d' 11 .Tili al () (' (o,ii|).ind wi'li w ih 1 .d I ('. .ind Mils when 
the na l.il has Ixin lolhd h- eona -n 1 1 .’J.'is 1 I .‘1(1“) Wlan dislilled 
111 a xaeiinm h.id h.is a (hnsdx ol II .‘ill.‘» .il *_'() I , which xxlan th(‘ 
nulal IS siihmdhd to .i pn ssnn ol 10 000 ilnaspians hieoines^ 
lls'JlTO Cola Hand I h Idi i in.in h.i\ < loiiiid lla d(nsdx of jaire lead 
at ‘Ja C. eiJii'poid x\dh w.ih i .il 1 - C to lx 11 o‘J0'i. Al ds melliri*'- 
* Iittif /On '>'/ /'V / l»v \ <J I'.itKl-I \\ ill \ .'ilid .''I'll'., OIOS) 

' M.illii I', ( X' /.•>(, I'do, 34, 1510, l.l'.o, A)Uf, IJi'ltuihLin .SV , 1910 , 

17, 2l)l 

•» l..iiid.(it .iiid ( iilli', 7 ’/ro/' ( /./•' ’’d."), 107, 210 

» M.is, /;»// A"/'/ /(// h' 0, 10, J'l > 

' K.dilliiiuni, li Ml. .iiid .sm |ii I , /.I (/'» /' ni'nni ('/nm looj 177 
•’ 1' lO'i .'iial |{i\«'ii y.f il ill I ^ 1 1 1'lii /-I III , I 0 i '5 9 , Jo 7 
’ IlidxT, Ziit'<ili iiiitiiii ( I" "I . Is'is, 16 , 4.5s 
8 Itcic'h, J. intdl Chon., Is.Vi, 78 , ‘tJ'' 

® Kuhlbuuiu, Roth, nnd Sicdlc 1 l(» t il ^ 

lu ('ohm uiid H«l(lciiii.in,^nni.// phy'.iknl. ('hnn , lOl.^'s 89 , 783. 
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point (325° C.) the (h'nsity of the solid metal is 11-005, and of the 
liquid HK'tal ll-Ol-j,^ Avlienct* il appears that had expands on solidifying. 
Lead iiK'lts at about 327° C. ; Ihyeoek and Ne\ille - found 327-0° C., 
Calleiidar,'^ 327-7'' and Ilolborn and Day,' 320!)' C. When con- 
tained in a (piartz tube in a eathode hghi \aeunin lead'’ begins to 
c\apoiate at about 1000' C. ; under a sliort \apour column it boils 
at 11 to’ -1112’ C., whilst under a pressure of 15 nun. its boiling-point 
IS 1172 1173’ C. L(‘ad vapour is inonalomie at 1S70'‘’C. ; tlu nudal 
is also inonatoinic in solution in mercury." 

The s})eelinm of lead has Ixrn <‘xaunned by Hartley, llagcnbach, 
and Konen, Jj.impn-cht,'^ and KI« m 

Tli(' most intense liiU's in the sjieetruin of lead are as follow 

Are : 231)3 1)2, 2.>77 31), 201 1 20, 2003-27, 2S02-10, 2S23 31, 

2S.33 21, 2.S73-1S, 3572 O."), 3030-72, 3071 SO, .3083 02, 3710 20, 
401!) SO, 405S 00, .>005 03. 

Spark ; 2S02 10, 2S.33 12, .3573 03, .3030 72, .3083-01, 3710-28, 
1058 00, 1215 12, 1387-11, 5000 00. 

Lead IS the sofltst of the common nu'tals ; it max be easilv cut 
with a kiiil'e, and h-a\es a slr(‘ak W'lieii rubbed u|)on jiajiia'. In Moll’s 
scale of hardness (diamond -10) lead is 15. Li ad is tough and 
malleable, and so can be rolled out into Ihm foil , il cannot, liowiv’cr, 
be drawn into lim- wir(% and lead win- of Die thickness ol liiu' string 
can very easilv be sn.ippcd. Paces of l(‘ad foil can bi- W( Idl'd logi tlier 
under a prissme of 2000 atmosphen-s.'^ 

Lead beeoUK's hauler and more brittle wlii-n alloyed with antimony, 
'/me, bismulli, or aiseiiie. The last-named mi lal is ])iesent in shot. 
The speeilic heat of lead has been the subjeel of numerous investiga- 
tions.'-^ The following results wi'i’e oldained by Naeeari,''' at ti inpeia- 
tures between IS'' (’. and .300' (’. : 

18*° C. 50' 100 C. 1,50 ■ C. 200 ('. 2.50° C. .300° C’. 

0-02003 0 0.3010 0 0.310S 0 0.3170 0 0.3211 0 03312 0 033S0 

It will be seen from these figure's th.it li'ad obe\s Dulong anel Petit's 
law,'^ since atomie' wi ight X spe'cilic he at -• 207 X 0 03 -■ (>'21. 

(’olloidal leael is obtained by re'ehiemg le'ael ehleiiieli' solutiem willi 
hydra'/ine m the colei.''’’ 

Allotropy of Lead. Ihiiil reei'iillx no allotropic form e>f le'ad had 
Ix'en re'e'ogniscel. ft has liei'ii obse'rvi'el, liowi'Vi'r, by Cedu'n and llelelcr- 

‘ Viccnliiii lUid Omodi-i, Uin l*hy\ik linhl , IsSS, I2, I7l>. 

“ JU‘vc<»'kund No\illc‘, Tuiuh Chun Sm , JS')4, 65. 05. 

-» (^iHcndai, /’/at Maq , 1899, fv], 48, .51!) 

* Holborn and Day, Ann Phi/i , 1900, fn J, 2, 505 
e Krullt, Btr, 190), 36, 1090 

*' Von W.irlfnbciii Zulfch anorq ('hem , 1!)0S, 56, 320 
’ (I Zutsih /ihff'^ilul Chein , 1891, 7, 477 , Harnsay, ibul , ISS!), 3, 3.59 

® Lani|)r<*c-h(, Zntsth irtst Blmtof/itni , 191 J, 10, Id, 33 
® Klein Zctfsfh tri'-s I'hohxhun. 1913, 12, Id 

Kxnei and Haacli«*k, Die Bpi/Ann tier Blemrnte bci nonnnUm Ihtuk (Leipzig and 
Wien, 1911) 

Spiiny, Ann Vhim . 1881, fv], 22 , 1-Sl 

Dartoli and Stracciafi, //fw/ As/ A0///6 , 189.5, n, 2 .S , Jjc* Verner, /Voap/ rf/ir/, 1892, 
1X4,907, Delin, Wicd Annulen, 1.898,66,237; 8(-hniij/, /’/ui- liuii AW ,♦ 1903, 72, 177; 
Toinliason, V’/-er Roq Soc , 1881, 37, 109, Spun", Ball dc Bdq , I88d, fiii|, li, 35,5 
’3 Nacc.iri, lUi R Accad AV Torino, 1.S87 -8, 23, 107, ikuzdUt, 1888. 18, 1.) 

See this 8eri<*.s, vol 1, 89. 

‘ 1 ® Gutbicr, Zatirh anorg. Cheni , 1902, 31, 448. 
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man 1 Umi ^^htn juiif lf;ul is mimdscd m .1 sdIiiIioh of luul ncdate 
conljnnmir acid llu in. lal nnd. 1-... s .1 sliiuhii.d cluii.r,. a.voni- 

pimud )\ a Hnn-, ^1 d.‘nsiU 'lias, ru-l . ai. !.. h, n,,] h, umUcaIv 
lli.iL oidmaiN l.a.i...!. 1st , ..I a n.' la I .M. in-Nha. nl‘s,v,ial dlnlinpir 
jn..dilic‘ali..iis ..r III. in. lal Il.||. i- d .‘ |. -.p.I I l.al i.-n. I. a.I 1 .. .■.an. s 
nndlr all( r nnim 1 a./H in an a. i. '.l.. .1 '>.>liil!.in .<1 I. a. I a.-, lal. 1.1 ml lain 
lor s(\Mal da\s, and call, d lli. ..u r,,iii, ,.| p,! ‘ .r,, I, ad.” 

C 1 h i<alil . tn M).l^ (>1 >1 a in. . I ,1 sin 1 1 1 ii 1 . si il I I a ] ■ .s a 1 "■ 1 n . I. cl 1 ic ( 1 1 1 1( 1 it 
tlirninri, nihic acid (.rd.i,-il\ I I‘J, v.,lli Ic 1 |..',<l as called.-, and 
plaliniiin Iml as .iii.mI* , all<i . c.'lil li.mi Me .aMi.i.l. I)i(,nn. 
soli, 4 ind p.)\\d. i\ I, a i|\. ( .)ii. n in.l 1 1 . I.i. 1 luan * .»l)ai\..l liiat 
pnu 1 . ad sll^p( ndi d m a li) p. 1 cl. .tlnli.m .>1 I i.l ac. (al. . c.adain- 
niLj 1 00 c (* . )1 1 I (1 ml I IC a. id p. I li h . . - li. iVi I d 1 1' l"< ‘1 d I h I . > c. >11 1 1 .icl ion ; 

I li> cli.n ij^i . I I. ad Is I ) 1 1. \ I d I . I ill c. iiiipo'.. d . .1 . \ . 1 1 1 a llol 1 . >j n.* loi ms. 
* 1 *' ^‘1 ' * li.is r . (Ill n Ml. . 1 111 . \ isl . II. . . »l ,1 M* i| I . )] lie I. ii ins . i| I. ,id I »v 

llic si iidv ol j)i. ssin • -I. iii|H lal III. <iii\ -..illlc in. lal 

liainli.il .I'ld ( 'iillis • tlai dlii'ail. I.i all*>l iop\ . . 1 tain pii. iiom.-na 
coiiic cl ( d w il ii III. ,1. 1 1. Ill . if w a 1 1 1 a I I.I .iw n . ai pm 1 . ad 

L. .ul IS now . 1 . Imil' I\ iiio'»i.i .1 as a .li ni'. 'p.il lon piodiicl of 
la.Iiiim , and i.idi-im l> Ins Ic • n olilaiii..! in Nisihl. .|iiaiilil\ and 
ploN.d to 1 ). < il. nnc.ilK i.l'.Ju il wilii 1 . ad ' 

Chemical Properties of Load. I'li. l.\ I.. lie . Ii. mi.-al l).lia\ 10111 
of 1 . ad IS I'm III ,li. d liN I li. p.> il ion I In ^ . ! nc nl o. .-iipi. s m I li. . Ii cl lo- 
poll nil, il s. IK , III* III. III. I.ds In Mil-. iii< . Nad .ucupns a posihon 
. losi I.) IImI .i| In, aii.l lilfl. i.nio\..l li.nii lliil ol liNdioL'.n, liolh 
til. s. iikI.iI-. Ill 111", slc/lilK iiioi. . I. cl iiip > . 1 1 . Ilian IimIio'j.ii It 
li.is 1 ). . n Id'ind Mill a-Minsl .1 noiniil li\.li.i". n .ii.lind. Ii ad '^ll<)\^s 
,i pohnliil .*r 0 l‘J 0 '.ill I’ons. .Jill nl l\ 1 - id |».>ss. s.. s \.i\ lilll.- 

pow.i of di-'pl,!.’"!'; liN.lounn fmiii .'i|n. o', -.olnlions .il acids, and 
tills pow.i 1-, s.hikIiiiks inl.il*.!..! \.nli l»\ Mu ins. liihilil \ .if the 
piodiK'l . ol III' a. lion 'I'liiis |. ad di ol\. • m li\ di oi liloi ic a.-id with 
mole dilli.iiltN llian lin, alllioiii'li I. ...I p..,',. s a "n.d.i solution 

J)|( sslll. Ill 111 I III 

A < Ik imc.il conijianson ol I. ad <ind I in has h. . n c.iiii. .1 onl by 
SackniA wli.» lind. Ilial winl- I. a.I jn. . ipi'ah s lin I'lom mine acid 

s.,|iil ion. 1 1 i . pi. cipil did I loin .n*. I ic " id oinl mn I »\ I in \ c.mdilion 

ot . (|inlil)iinni I*. Iwmii lie Iw.. in. I il .onsid.nl willi lie law of 

ni.iss a<lK.n is aliain'd in lie c is. o| ..leli.ins in li\ iliocliloi ic and 

K,iil|,|ii,i 1. .Kid. ''Ik Coin I'ision is n.i. Ic.l !>' iin i.ni'iinnl-. of llu; 
K M I-’. ..r a \o|i 1 e . ! OK I ' .-1 111 . 1*01111 id. | 1 . | Sn(N() | Sn 

tlial the (Ii.liolvlu s.ilnlion 1 . nsion •! ha-l i. .d).tnl 17 liiiKs as 
,rnat a. Ilial .>1 lin I’IiIn -jn.il .lill. nn.- n.IikIi 1^ pailK accoiinlul 

for 1 )\ 111 . fi.lil' .)! slannoin sail . is in a. coni 'iic. willi tlu; 

r. I.ili\( posilK'iis ol* III' I wo ( I- III. Ills in lie- p. II. nil.- s\s|. m, and the 
slroii"'. r basic pioj.<ili. s .•! I. .i.l k!' .s dewii bv tin slabililns of 
ils o\\salls .Sine, had is s-i lilll< ( ip. M' of displacinir hydroj^cn 


( i.l,. ti <ui'l 11" I.I. oil in. I I'" l\ 1 . ' 11 - ' a 

11 . i|. ,, / / f! , ,!.il . l''l_. 7. I 

(‘, 1 1.'|,|. II \iiiii ( I" '• , l''l '» ^7. ’■ ' 

( ac I l|.I.I<ii-iii !>■/ * ' 

.lain. I'., /■' V 

l4aiiil''il imU iilli- ^ ff • Idl.i 

Voii .111.1 fan.tli . J‘Ot. 47 , 

SiiiUui, 


. Itn-hnhim, nut, 17, S:2J 


I 

a I'lir*. 89, 7 :r{ 
107, Jin 
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from dilute acids, its solution by such an acid as acetic acid is to be 
attributed chielly to the assistance of atmospheric oxygen in the sense 
of the reactions : 

‘2Pb -f O, + 211,0 -= 2Pb(011), 

21>1)(()II)2 + 411CJI3O, = 2Pi,(c:, 11302)2 + ‘211 >0. 

Tin, which is not so oxidisable as lead, is not attacked by acetic 
acid. The great difference in behaviour between l(‘ad and tin towal'ds 
water eontaining dissolved air must be attributed to the same cause. 

Lead reacts \igorously with lluorme, and with diimmshing \igour 
towards the other halogens in turn. Finely dnided lead, pioduced 
by luating lead tartrate out of contact with air, is })\ rophoric. ()i dinary 
lead in llie air lieeonies coated with a iilm of the siiboxide, 1 * 1 ) 20 , which 
IS also formed as a gre\ lilm on the suifacc of molten lead. By exjiosiire 
to red heat, liowe\eT, h ad is eonxerted into the monoxide, as 111 the 
process of eupellation. 

Boiling water is a[)j)reeiably (hromposed by gianiilatid Icad,^ and 
lead mono\id(' is reducid bx' hydiogeii; thus th(‘ reaction is a rexersiblc 
one jiroceediiig to an t (|uilibinim at a gixeii lempeiMtuie. Son n what 
elilut(d mine aeid is the licst solxent for had, and the oxides of nitrogen 
evoixed eont<iin a larger piopoilion of intiie oxide Ilian in the ease 
of copper.- The pu‘senee of much sulphuiic acid modilus the iiiLer- 
aclion of mi lie acid and lead, causing reduction to nitrous acid; and 
when dilute mine acid is eleelrolxsed xxilh h‘ad (“hrliodes in jireseiicc 
of upwards of 10 per cent, of sulphuric acid, about 40 per cent, of tlic 
nitric acid is eonxerted into hx'dioxylaniine.*^ 

t’oncenliated sulphuiic slowly attacks lead in the cold, aigl when 
the acid IS heated a \ igorous leaclion sets m, with evolution of hydrogen, 
sulphur dioxide, and hxdrogiai sulphide. Sulphuric acid of density 
1-760 and Ujiwards attacks the lead pans m which it is exaporaUd 
at a lein|)eiature of about 200" C. in sulphuiic acid maiiufacliiie ; 
and tlu* lead sulphate fornu-d dissolxes m tin- acid, whence if is jineipi- 
tated on dilution. Pure lead is less affected than tlie impun imlal, 
but the action xaries with the nature of the impurity and the physical 
condition of the metal.* 

Composition and Uses of Commercial Lead.- Owmgto tlu- [lurilying 
treatment to which the nulal is submitted, comniereial lead alfa.i]is 
a high degree of purity. The foreign metals gem-rallx ])resenl arc 
cojiper, antimony, iron, /me, and silx(‘r, xxilh less fre(|uenliy bismuth, 
and occasionally a minute traci* of tin and arsenic. The total metallic 
im])urily, hoxvcv(*r, rarely exceeds 0-1 per cent., and may fall below 
0-01 per cent. 

Lead was eni])loycd in olden times for making cisterns and coHins, 
and as a rooting material for important buddings, such* as churches. 
At the ])i<sent dav it is likewisi* em[)lo}ed for tlu- })urpos(‘S included 
in the arl of the plumber, 111 the form of sheets and 111 pipes for conx ey- 
ing xvater and gas. It is also used, on account of its jioxver of resisting 
the action of acids, for the manufacture of chemical plant, such as 

* Jfi/i ('him J'hifj^ , 1830, [uj, 62, 337; Sl^olba, J. pmU C/uni , ISDO, 94, 

113. 

* Highlex', Inter Chnn J., 1803, 7, 18 

■ Tafcl, Zahclt nnon/ Chem , 1902, 31, 289. 

^ Hart, J. tSoi ( 'hem Ind , 1907, ?6, 504. 
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nm-!)ovw f^‘JJnilH*is. Il lus Ih-c, Iu,^^,^,.,., Huit for this 

IS iL ,1 I'Millitr, lead 

nm V Inv jn.ikin<_r suMns. ,)mM. r. In ,,. -„u L.l, ac.. 

<l ^^hn^ nlloN,.l ^^,(h aisuiic, a.l.Kd ,., l!„ r.uni J ^^\u\v aisrnio 
.us. meal (lioss, Jur [hr m.imil.u I mk .,| .1„,1 'M,,. aiseme in- 

C (iises (la llrnd.h of ilu- rnollen ,m l.,l. as u. II as the I. ii<l. „ey 
ol ils (lh,|.s I,, splaneal as 111, \ pas, Hm.iiLiii ihe an ShnI, 

IS Mia.l, !,n ,li„ppn„_r(l,. „,oJl. „„ I ,1 ,.,Lnul(is puie,.| ^M\h 

Imlis ^^,11 

I Munds 11,,! onU ui, 111. SI/, .,| Ml. Iml. , lli. e..laiid,i, iiiil on 
‘'I' 111 . iiMl.d, and 111. 1 |.,m|,| lliioiinli ^^|,„. 1 , 

1. < hip-. .11, mad, lo jail I la sla,l is oil.d li\ sa \ 11115, .ind hy 
inllinir d.iwii an mdiiMd m. lal pl..M., lia imp. iI.elK sli’Ip,,! slail 
llnis i,mamm;^r ,,11 lla pl.m, KmallN, lli. sla.l is p..lislad willi 
plmilM.llfri 


\LL()\S iW 1,1: M) 

I li(‘ niDsI impoil.ml allo\s oi had at. Ilaiv uilli Im, wliali liiiNc 
aliiaiK lx , II d.seiilxd iiial, 1 lla lall.i m. lal \iini,ii>ns hiiiais ,iiid 
I ' 1 iiii 1 \ a 1 1 ( i\ s oi had w 1 1 li ol la 1 na 1 .1 Is ha \ , . la »\\ , \ . 1 . lx , 1 1 pi . pa 1 1 d 
loi pnijjosis ol na l.dhi'^iapliie '>lud\ 

lla loll,.\\m'4 l)il)la»L5Kipli\ ol lla alh»\ > ,,i’ had m.i\ pi,>\( ns. fill 
t(» I la i, .ah 1 ' 
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! , I'liiii, 1 1 j, iJ7 


hoii'l 1 , /'A ' 1 iiii 

' /-ii>. , THIS, ,J 7 , 1.S.7 


r.i ./■ / , I'll 1 , 70 , 

.1 > 

Col, .ill. . 

Il.l.*!!,* ,, /.',*// 

hull , I'Mis, 1 1 \ 1, J liJl 


1 1 V ! . IIJ 1 , /, ,/ h 'II-I H{ ( Ilf III I'KiS UT; 1 

C<i]p, 1 

\* ’ i'.ii . 111,1 ( .ill* 1 ! . / 

I’fi’ri'iil f him , I'll 1 iH, 70 1 

Ci;]i[)i I nil'l III. i 1 

I'llM i,M» .111*1 Nl.'//. H 1, I'll 1 /11, II '17") 1 
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1 III (III* Il .111,1 I., I*.il\ 

1 /. 1 ilhimn , I'M).'’, /\^ J'l ! 
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Pal ia\ \ia//< lii, 

. 111*1 M-.U 11 1 . (.n . Ih, I'll 1 , /|-|, 

(;,.M 

. \ *'Ui 1 , /* */. r A uikih; 
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f'lu . I'K'I, 4 * 5 , Il 


1 For ir/tifiui’-. to .ill,>\s of .ill.ns .ontainiiiK tin, h-,* p :uo head anmlgama 
are dealt with h> F.i> and Xoith, Amet t hem. J , IDUI, 25, ‘JlO. 
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AlLUI IN<; Kl 1 \II]NT 

kl l-FKLNC K 

Indium 

KiirnakolT and I’uscliin. ./ ZV/'/*' ('hun Sm , lUOl), 

38, ILK* 

Magnesium 

(iiiiljc, Zn/s*f/i nnou! i'lmn. Mill."), 4^, ll 7 

Knin.ikitit <md Sli p.mull, ihi'l , I'in.), /\G, 177 

Slepaimn, //*-./ . I'XK, 60, JaM 

MaiiLMiii‘so 

With. nil", ihi‘i . l'io 7 . 55, 1 

Mdciiiy. 

ivK hauls and (hiiiod- riioiiia'i, Zntsih ('hem., 

l‘)in. 72, Hm 

Nickel . 

Poili MM, /i'm Mititllin lit, l!) 07 , 4, M t 
\'os>s, //sf // (11111)11 ( hi III , lans, 57, !l 

Pailadiuiti 

IJut‘1, ihiil . I‘)n 7 , 52, .J T) 

J’lisi hm iiiid l*.ishslv\, .7 /iiiss Phih ( ln'fn Noi , IDDS, 

40, S_M> 

rialinuin 

l)i)i imi lv« 1 , /mZm// iinmtj C/iem , l‘)n 7 , 5;, ll.l.} 

Piis( hm aiiil L.i'chlsi hnikii, ihi<l , llina, 62, 31 


1 Smitli, ifinl , 1 * 107 , 56, lo'i 

Silicon ... 

1 'r.im.iMi, thii{ , I'.io'i, 61, lo 

Silver 

1 

' J'lii dll' h .iml I’m III 1, l/i /////«/'/<<. l‘.)0(i, 3. 3 !) 0 , 

' l*i(|riik'i Ziitsih Itii'ini Chilli, I'lOT, 53, JOO 

Mol III and \\ .il III iltr, e '<<////*/ />/</, l')i) 7 , 144, l<‘> 

Silvt*r and /mi 

Kii iii.iim and IIoIum !• r, \!i>tin> h , l!H 1 , 32, .VI 7 

1 IJouiidi, e iiiiijit mill. I'll), i^Q, 17 S 

Sodium . 

M.ilhruson, anniii (loin, I'lOo, 50, 171 

'IVllunimi 

l■^l\ and (iilKon, [iiiti ( In m , l*ioj 27, s I 

'J'iiallmm | 

lii'wkoiij.i, / m/v/z itiiDit/ ('him , 1 * 107 , S 2 „I 7 J 

Kill nakiill and Piisrliiii ./ ICi s P/nh C/o in Snt , I'Hih, 
38, t ltd 


Physiological Action of Lead. Lcid coDipoiuiil') <in poisonous, 
os[)cciallv solubli*. l.(‘;ul-poisoimij,^ is ciiiniilal i\ ( , llial is lo sav 

siicccssn (‘ minute <]UJintities, winch siparaldy miirlit lx* imioeiioiis, 
produce serious or fatal efhrts after a tim<‘, owiiiij lo tluar aeeiimiila- 
tion in tlie IuhIn. Indeed, ii sinj^le larj^e dose of a had coiMpoiiiid is 
less dani(erous than npeated small doses, and seldom [)ro\(s fatal. 
Chronic lead-j)oisonin}4 may result from tin* drinkmi' of water eonlamm^ 
lead deri\ed fioni the pij)(‘S in which the water has been conviM'd; 
or from the continued haiielhnij e)f h ael eompoiiiiels, such as \\hite‘ 
lead. Those eai^ai^s-el in the maiiufae'lure* of these e*ompouiiels mav 
be affecteel, as well as Iheise whe) use* the*m, espee’ially pamt'is, and 
pottery weirke rs employ inj' while* le*ael feir <^la/an^^ piirpeise's. 

The symptoms of leael-poisomn<( are «,Mie*ral ill-he‘alth with loss of 
appetite, intcrfere*nce with di‘(e*stion, aecoiniiaiiicd by abelominal })ains 
(j)ainters’ colic), const ipatiein, ne*i\ems ])re)slratiejn, (*pil<*pli(* lits, leieal 
paralysis, e*spe*ciallv of the WTisls, knowm as “ (ln»ppe‘el-wrisl,” fe)llowTd 
by fTcneral paraKsis and de*alh. Si^^iis of such poisonin^r are se‘e*n in 
the iiliie hue* wlne-li appears at the edges eif the gums, owing lo the 
depositiein there* of le*ael snljilnele. Oecasionallv also the teeth turn 
black, and the skin assumes a jannehceel hia*. The* le*ael is distributed 
in ^arle)ns jiarts of the body, and is partially exe*reteel by the kidne*ys. 
Potassium iodide is said to aid this e*iiminatiou. 

Action of Water on Lead.- -On account^ of the* e‘m})k)ynient of 
metallic lead for the lining of cisterns and construction of jiipcs for 
storing anel conveying potable w'alcr, thc^actiem of such water upon 
lead is of great ini|)ortancc, and has been fully mvestigate*d. 
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liiK Wilier from wlueh iiir is exehidul is pi.ielieiilli ivilluiiil nelitiii 
on lead a( oidin.ny li nip(‘iMliii( s, miici had was lonnd in such walia* 
only lo lilt txh ni ni (I ;i p.nl pi i nnllion.' 

1 Ju' acl ion ol Will 1 1 and o\\ lji n on c.ii t I'nlK |un du d li ;id lias Ix rii 
i\<iiniiiid l)\ J^anilail and ( nllis - 'I Ik dislillid nK'l.ii ^\as siil)- 
nnllid lo lilt* aclion ol pnn walii willi and willioiil IIk- addil’oii of 
jiiiit* owtrin Till* ac*lion of pnn* w.il< i on IIk In di siniafi of llic 
niiilal w.is niappn t lalili . Inil on lln addiiion ol pnn* owifi n Miy 
rajiid coi losion look pi. it < , w ilh llu* foi nial ion In •>! ol Iin diali d plninhoiis 
o\i(li', I*l)j() and llK*n lln onliniix wliilo ciNslallmr li .id 

,ll\dio\idi Whin 111! pnn dishllid nn l. l li.is hiin ki pi lor siwin* 
nionllis il i)((*oin(s mm li less o\idisa1>i( , sn Ih.d il in i\ Ik* i\|iosid 

10 oidin.iiN air I’oi in.in\ d.i\s wiIIkkiI an, ipjii - nahli loss of ils 
hiillianl Insin '1 Ins dilliniu'i in o\idisaliilil \ Ixlwiin lln ncinlly 
and larliii dislillid im l.il is .illiiluihd 1»\ l.iinlxil .md Ciillis lo 
.illolropN, ,1 lilt lasl.ilili . inon ailixi roiin of lln im l.il In iiil; lii.sl. 
piodni’id wliiii lln \.ip«ini ttindi lists 

' 1 ’Ik .illoliopN of It . 1(1 also SI I \ 1 s lo .u 1 oiiid Idi I hr .i(“l loll of w’al I'l 
and owiTtii on lln im l.d, wliidi, .itrintlin*^ lo L.iiiiIkiI .ind C'lillis, 
oiii^Mii.ilis in (l((‘liu‘.d .iclion dm* lo dilhnnrts of polinli.d liilwtin 
dilhnni pails, loi in lln pniilnd inrl.d mk li dditnnns innsi m n s- 
.saiih Ik* .illiilnilid lo phssiral .iiid nol t Ik nm.d Ik h kuk m iIn 'riins 
pun w.ihi IS stippost d lo mil l.l 11 .irlion on pnn h .id wiIIiIIk sipaia- 
tion of li\dioif(n, ami ilir loim.ilioii ol pinmhons khis m solnlion; 
lull lliis .irhon IS <|nili niappn ri.ihlt nnlil owiriii is .iildt d lo oMilisr 
and n mo\ < lln li\dioi^in wlmh olhix .in iiio'inoiis iisi‘,lanrr lo lln* 
ji.issam of lilt ruin III. 

IhflioLltii ptioMili, wliirli IS Itiinitd dniim^ lln wt I oMilalion of 

11 .1(1, ' IS s.ml 1)N I .iiiiln 1 1 ,111(1 ( nllis lo Ik IIk |>iodm I of .i sniisidiary 
arlion. .iiid lo li,i\< nodinrl Ik .inn',' on IIk pmrtss of loiiosioii It 
IS n spoiisililt ho\it\ti foi oMilisni'j It .1(1 moiitiMtIt lolln lii'iln i oxides. 

W.iltr 1*011101111111; onl\ dissoKtd owian ,mIs mon nadiK upon 
Il ad 111. in Ns.ilil (*oid.imniL'' nnl\ dissoKid i.iihoii diosidi d'liis 
con I'll ms 1 Ik roncliision 1 li.il lln In si .iclion on It .id of w.ilt i conl.mimj; 
iIissoImiI an is om ol oxidalion so lli.il h .id IndioMilt* i, foiinid .ind 
passisinlo olnln II W .ili i coni. nmm; c.ii lion dioMilt di*'* ol\ i d nndt r 
pnssiin disst.Kis howi VI I. l.iii;r «1 "*'"’'*" I' ’ I .t .id li\ di o\idc 
in solnlioii siilisi (pK III l\ nacis willi caihon il't»\Kl d'livtil liom llir 
an willi 111' foim.dion .iinl pncipil.dioii of .i ha'ai r.n litinali ol Ihc 
composil 11)11 'JlMiC'O l*l>(l)I I 

d’lii 1 111 cl nf moils s.dls, pnsinl to lln* (\linl ol 0 i;iam per 
hire, upon ihe soKtnl .iclion ol w.ih i on Ji .‘id, w.is cxainnnd by 
Mini',’ ^\ho placed tin ni m lh« lolltiwini; onh i act on I im; lo I hi ir .iclioii 
on Iht mclai . .immoninm nili.ilt, c.iltn'm ililoiidi, aminonmni 
snlpliale, |)olass,nm nilialt, potassium c,ii!)onalt , he also round that 
the solvinl .iclion w.ii alw,i\s tin ini.d.i IIk mon* ctiiisidi mbit* the 
cxposnie to air 'I'liis dilhicnce is dm lo IIk dillinnl solnbihlies of 
basic, h in’ carbonale in tlihib sohilions of lln se sails 

’ fldwt't Pnn I'hn'i >'*''/* . !<• 

-• L.(.Ml>(>rt .mil Ciillo Inin, ( /.//. , I'H-i, lo'/, L‘in 

« Tniubc. ^ plni^iLaf (Pm I'liMi. 32, 1 • Dinel.in, Vm/is ( />, ni tSor , 1911, 

Mu'Ir J ('him Sm Is77. 1, niiD , mi- .ilnt 'I’i.iiiln*-Mt‘nu.irini unit Si.iIh, Atti R. 
Accad Lined, [vl, 18, 11, 111,, an.l Heap. J Sue C/ini. In ' , 11)1:5, 32, 771, 811, S17 * 
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• Whilst ainnioniiiin nitrate in solution appears to exert on li'ail the 
greatest solvent action of any known salt, other nitrates show no 
considerable action, and sulphates, j)hos[)hates, i-arbonates, and silicates 
actually nlard the solvent action of water. Tins is well shown when 
clean sluets ol‘ lead are nniiRrscd in ordinary distilled water and in 
tap watei, contained in sLoppen'd boltles, and allowid to stand side 
by side for some months. After some time the distillc'd water will 
contain basic carbonate in suspension, while the lap water will be chvir, 
because m this case the action lias been slopped by the foimalion of 
a f)rotecli\ c crnsl (*f the* salt on the surface' of the- leail. 

'rile* inhibiti\e aclion of chalk, sand, anel old nioitar on the eoireision . 
of le'ael by water has long been recognised ^ ; and it apjieais (hat the 
picsenee e)f 0 ."i gram of dissohed silica per gallein is siillieie nt to leiidiT 
the w’atir lead-pieK)f. It has been found that llu‘ bc'st wav te) pie vent 
water fioni attacking lead is to bring it iiile) ee)iitacl wilh a nnvtiire 
of llmls and Imuslone. Aeeeirdmg to Cana lie y aiul hrew,- this is 
ow'ing le) IIk' fenmatiein of ealcmni silicale* m seilution Wale i eeaitam- 
ing (Ml belli dioxide elisseiheei under jire-ssiire* disseilxes eonsielerable 
quant it es of lead ^ peat\ waters, ceHitaming m s(iliilie)n orgame acids, 
sucli as iilmie and humic aeiels, con ode' lead ; and frer lime is pailieii- 
larly aelne m tins ie*speel. Inde-e'd, it is known to pliimb(.is that 
leael |)i])e's laid m ceintact with ne*w mortar are' liable to coi reisioii. 
When water is tei be tested for minute ejnanlilie's of lead it must not 
be iilleied thioiigh pafie-r, wliieli adsenbs the' le'.id salts so that only 
a small pi()[)orlie)n eif llu'ni is Ibiind in the lilliate'. 

Freim a consideialion eif the. kmels eif impnrilv which ('ause* water 
to dissohe lead, it will appe'.ir lhal a good jiolabh' wale'V ('onl.iining 
both le'inporai y <inel permane'nt h.iidne'ss m nuKle'rate am()unl,*e)nly .i 
little nitralc', and im a|)pie (‘lable (]uantit\ eif ammonium salt, has little' 
or no effeel upon leael ; and, thcrelbiv, that such waler may be' safe'ly 
conve'ved m le'ad pijies. 

Decay of Objects made of Lead.-- -Ancient lead obje-i'ts ke'pl in 
museums semu'limes crumble to a line' peewde r, whieli e'ejiisists e sse iil lallv 
of lead ('arbewiale', but also alwa\s eeadams ehle)i leles. Jt was slie)wn 
by Matignou ^ lhal a |)ie'ee eif lead which had been elippe-d in a ;>() |)er 
cent, solution e)f se <i s.dl, anel then due el se) as to bee'ome eoale'el with 
salt civslals, unelerweiit progressive' destrucliem eivei a jierieul e)f fluce 
ye'ars ; but that a similar piece eif le'.iel which h.id neil been so treated 
showed no ele'st ruction. Ceuiseepiently it is be-lieved that the- folleiw'ing 
cycle e)f leaetieais takes pl.iee' : 

2NaCl -1- Pb -I- 0 I- ('() , - - \a,C 03 -f- ^ -f- ‘-^XaC’l. 

Al OMIC W EIGHT OF LFAU 

In his list of atomic weights Daltein attribute'd to leael the value 
95; Ihis IS re-ally the e-epiiv ale-nt refe-rred to 0 7. Ih'i’ze'lius,^ in 

1811, took into account the lluee' oxides of lead : litharge, leel lead, 
and the peroxide ; but since* at this time* no indepe nde nt guiding principle 

* oji the Adion of U'afo on Lad iiiaeles to the W.itor (‘ommiltoo of blio Coipora- 

tion of fjueMcishdd in ISSO • 

^ Carnrlt’V and Ficw, ,/ ,S'of. Chem. Ind.y 1888, 

* Muir, J. Chem Sve ^ 1877, 31 , IJOO. . 

• Matignon, ('omjd. rend , IU12, 154 , 1609. 

^ Berzelius, UdberCs Annalciit 18U, 37 , 252. 
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known to fi\ ilu' nni^niliidi' of an aloniir wciglif, no 

Jiisl Cf)ii(‘Iiisi()ii !)(' di.iwn 1*10111 llir :m.il\sis ol llii‘s<‘ coiniioinuls. 

M.is ilxii ol* Ilu‘ (t|iiMioii lli.il ill! iNiiLilil (>r 

i*' 111, ill 1 nijiil m<r [() )ii||.i|.f, III, I'nMiiiil., 111 lioiM'iir, 

oil ;icc()iiMl n| (lie u, II, i.ilis.il mils ol Diiloiiif .iini IN hi jiml .Milsclu iIk h. 
lU' lijihdl lliis \.ilii«, .111(1 wioh IM) ‘JOT. iM \ ( 1 1 111 li ss (hill liii. Ill 
tll(‘ s.inic \ ( ;ii . lx (‘.iiis( ol t Ik (‘oiiriisioii III \\ liicli I'liiiii.iiiK iil.il |>i iii('i|)l( s 
\\( i^‘ iii \ ol\ cd .i| 1 li^ii pel i(„| 1 , line, d I Ik .d oiiik w i ii^lil I o ,iii ( (|iii \ iili iil , 
and iKlo|)hd iIk- loiind Iiltiik IM) loi oo 

^l li.il (lie aloMiK* wiiifhl of li .id is .ippioMiiiah h ‘JOT is slmwii hy 
tile rollowiiitr r.K Is : 

(i) Till spccilic Ik.iI ol |(.kI Ixlwiiii Is ( .iiid 100 (\ IS 0();{| 
(MllUOIlls) Assmilllll', MCCOldlllir lo Dllloipr ,||id 1*1 Ills J.IW. .1 IIUMII 
aloiiiic lir.il ol (J I, IIk aloniK* \\i im|iI is ,il)oiil “J07 

(11) MiIscIk I Ik Ii*s 1 .i\\ of isoinoi plii^iii piovidi ^ .iddil K'li.il (-oiiliii)ia- 
tioii ol lliis ni.iL,oiil iidr . for U ad sails .in> isoiimi piioiis w il li coi n '.poiid- 
1111^^ sails ol* (Ik- alk.ihiK (ailli on l.ils, .iiid IIk coinpli \ lliioiidis 
.iiid K II.Siil*'. as Will .IS IIk (omj»l(\ ( lilondi s Mjl*l»('l„ 
and M^Sii( 1,^. .lo isomoi plioiis 

(ill) 1.,isl|\. K ,1(1 o(‘(‘iipi. s .III .ippiopi Kill posilioii III (Ik Piiiodic 
'r.ilili. 111 uliK'li i( lias lx 111 plais (1 on actoinil ol ils aloiiiM* will'll! 
1)1 ni!j ‘JOT 

\nal\li(‘al di h i nniial ions of Iln aloiiiia w* i>dil ol !< .id wiic iiiadi 
1)\ nii/cims,' 'r.iiKi “ \iidrison and S\ aiilx i -f, ' M 1 1 i"-|i.i(“ ’ Dmiikis/' 
Si as.'* r»( I Is and Im in.' Il.ixli i and \\ ilson " l*.i vh i ,iiid 'I'lioi \ a Id son.’* 
and 1 )a\li i and (Iio\ ( i 

'1'Ik (\pi linn Ills of M.ii I'jiiac win inadi upon |i .id (‘liloiidt willi 
till’ puipio-.! of cIk clsiiii' (In aloiiiii* windil <>1’ i lilt iik 'r\M) si Is ol 
Hl’a\ inn 1 1 ic 1 ^1 imalioiis won <*.ii i n <1 out in lsH)ni w Inch (f/) It .id w;is 
hialid 111 an .ilniosplK n of ( hlomir and w.is I Inis coin i i h d inlo lli(‘ 
chloi id(‘, I he lalii' foniid Ik iik' 

PI) Pl)(’l. KM) l.■;l‘JOI 

will nci PI) ‘JOT I 

(/() 1.1 .111 ( liloi nil W.IS dissoix 1 d III w.il M .Old I.Ik iIiIoiiik pK'Cipilalcd 
1)V sihii lull. ill 'I’Ik lalio round w.is 

IM)(‘I, ‘JX'A'I 100 I0‘5‘JI 

will iicc IM) ‘JOO <s 1 

[n iSoO I )iini.is ohl.iiiii d 111 ' i.ilio 


Ph( I . PJS T.*)!) • 100 

■N\1k IlCl pl> *JO0 .SS 

M ill di 1 1 1 iiini.i I ion of Un .domic xoiiilil o| |i .id was incliidid in 


Il'iT, ,|| .. IIST .||.| I 1\ 
l>f„l |SI ; Im! f), J 


I , / J> fii f%ni isj.'t, 


’ 1)1 I/' liio. hhii ’>// "i \uil '! h'l 

“ 'I’m Ml I /'/ 1! / I'lh I s ; ; . 

' .\iiili l■'"^ iM'l Sv.iiili ' \tiii (It 

27 , 

■* n , (h * 1 1 ( *tntt flit /• l^l^^ ’ 

•'* pMiii.o l/.''i 'him I’lni-y ls»'l Im] 55 , 1J‘I 
f' (Fii III C olli r'l'h" lsM)i I" '• 

7 O'. , 11 x 1 K< I-. 7'/ l/«») n..ii...hiiii .S’o) , I'liil 6, fi7 

8 |!.I\(-I lyl Uih"M, / \>I"I Unir .'o, , I‘)US JO. IST 

0 l!.i\fi*l .'iil'l 'I lu)l il'hnn, / \mii (hint , I'O ■. ^ 7 ^ Hljl) 

10 PonU'i .ui'l Ki"\' 1, / K"') ^ /"/■/ S'"!', 1 * 07 ) ^7, OUT 

11 |'’.»i11x-( ,imltlH'Min-.ciliii"i.ilix^ffi\i*Mf<ii1lii-.il"im' of lend thi' HiilxocUi'ilt 

(Liuiaic- 0 - hkkm), 01 A-z --iotsm), s :uoi..-) • 
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tRo classical researches of Sfas. The work, which was published in 
lh(>(). comprised the con\eisioii of pure hud into nilratc and sulphate 
sped i\ (‘1\ , (he follow iDjr results bisii^ obbiined : 

in) rjii' jriul mtijib* wus iirnitetl ui ;i eiirreiil of (lr\ iur ;il 1 1.0° C. 
to 1()0 (\ 


whence Pb -r- 20(1 70. 


Pb : 2\()3 -= 100 : .V,)-07()t 


(h) The l(‘a(l ml rule w’us ii,nnle(l in vacuo at (’. 


PI) : ‘2\0 j -z 100 : TiO 00 15 

whence PI) - 200 SI. 

(c) With lead sulj)lial(‘ tlu‘ followiii«r lalio w'as delermmed : 


PI) ; SO, ^ 100 : 10 1275 

wheiiee Pb 200 01. 

Hells and Kein del(‘i inimd, by an eleelroeliemie.d imlhod, Ihe 
raho 


2Ajr : Ph --z 100 : 05 81 1 

whenei Pb 200-70. 

The al)o\e n suits are usually cousKh red to be shirhlly too low for 
ordinary had {m!r infut, p. OSO) and have Ix-en discarded in favour 
ol the more aeeuiale work of Haxler and Whlson. Tliesi- invesleralors 
adopteil a mdhod similar lo lhat of Mari.irnae, llu* amount of silver, 
in llie foim ol ml ral<‘, required to pr(‘ei[)ilale eoinph ((‘1\' a known 
vvei^diL of j(ad dilonih- was determined, as well as tie- weiirlit of silv'er 
chloride produced. Special care was taken in Ihe pu paraiion of lh(‘ lead 
chloride, wliieh w'as nuuh' m diffeuait ways and r('(‘iyslalhs(‘d siweral 
times from hvdioehkaie acid solulion in plalinum V(ss<‘ls; and Ihe 
specimens (‘iiiploved wti(> Ktpmvd iiol to darki'ii whem lu'ated in a 
■stream of h\dio<ren dilonde, and lo form a char solid ion in water 
after nrmlion. TJie lalios IMd’L * 2 \ir and J^bCl^ : 2Ai,d'l wiae dder- 
niiiied, (lie Cornier as the lueaii of mm*, tin* latter as l]i(‘ nii'an of six 
cxpi'i’imenls. lh< (-nd point ol tin- til ration in lla* foi nu r experumails 
was d( tei mined by the use ol lh(‘ ik ph<‘lomi‘ler.^ fla* tollovvim^ n-sulls 
w'cre obtained : 

{a) l*bPU : 2Air - 128 8178 : 100 
whence Pb - 207 OSO 


(/)) Pb(‘l , : 2AirCJ -- 00 078;j : 100 
whence Pb - --- 207 007. 

Tile mean vahu' of Hie tw'o sets of experiments is Pb ■z= 207 090. 

Subsecpienllv Haxler and Thorvaldson earned out similar exjieri- 
ments with lead bromide prepared bv preeipitatin^f h'ad mfrati' solution 
with hvdrobiomie acid, and recrvstallism<r the salt bv dissolvinj? it in 
hot eonceiitraled hvdrobromic acid, precipitatimjr w ith water and drying? 
it in a current of nitroi;en and ludrotren broniid<‘. 

The two ratios PbHr., : 2Air* and PbHr., : 2ALrHr were determined, 
and in each ease the ava-rai^e was 

Pb 2071 9. 

In view of tlu' iliserepanev between the valm- Pb = 207-09 obtained 
from lead chloride by Haxter and Wilson and the value Pb 207-19 
obtained as idiove from the bromide, Haxter and GroviT collected 
ncrmal lead from various fijeo^rapliieal and mini’ralogical sources, 

* Grock ve<f)f\T}, a cloud Sec this scnei, vol. i, p. 24l> 
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purifij-d if aiul (l.lrimiiicl its iilonijc «,i!.h| l,„||i 
•ind tlu‘ clilmitU ludhod \m||i H„ follow mir ,, shIk 

IM) L'OT ‘jn 
‘jV-IJi IM) jor IS 

1*1 »( I . -Ai^ i’l) ‘j()T li I 

1*1 '( L : 2 \l(( I |‘l» ‘j(>7 ‘j'j 

IS IM) L»()7ii(», wUiM \.r 


im 

l)V tli(‘ biDinulo 


107 SSO, 111 - 

207*20 Im'' lx ('ll 

« iLfhls siiic- lOMI. 


Tile ni( JIM 

70-)io. C’l ,r, t:,7 

.111 consf (|H( lieu ())■ IIksc nsnUs i\u \.iliii* Pb 

l)\ llic Ilih lliJlIloii.il ConiiMilUu (111 Vh.lMir \\f 
• ///(■ .tfnmir II, /o/// Snunrs \ nlil ll,.. 

0. \( ()i)Miriil (li 111.' SCUIKV .,r i.idin.icliMlN {!,< Mul | )i, .il.miic 

n| 11 , ‘*, 1 , MM Ml ” Mlldd \;irv JICC.U.lmu h, , 1 , sninc.' ii.id MMl 

c'Mi.i.d 111,' minds ..r eh. Miisis If, Ji..mo,,. i|„ ^.,mu ‘M. mu iiI " 

simnld 1). 111.' Im.il disud. m.dion pioduci ol Iw.. oil,. i .1, mu ills ,,r 

dill., , 'Ml .ll.MMir MM. .ills uliid, ImN. |MSSmI lIlH.llirl, ddlMMlI s|.,ir,s 
oi ( isinh ;r,.,|M.li uill, |,,s> of y. lul [-i-) ,.l I I l( l( s ill. ||||.'|| “ . |.MU id ” 
llllL'Jll (\isl III iw.) rniiils rlumiC.lIK lll.ilsl lllLrillsIl illlc. Iml 

dlllMIll.r i'lnMl . .U'll ..Ilu 1 h\ S. \, ,.,1 IIMlIs ..f .liomu W . IlMiI 

^ Now S.d.l\ :iMd IKm.m' Imm 10,1, i.l liiil C.Nlni, llmiil. ..ml.ims 
0 .■{!) |)M (•(111 .)!' 1( .1.1 iiuMiMXidc, wlios. |(.i.l IS I). Iu\(.l I.) 1). .1. ii\(d 
Ilu. limn III Ilu miiui.d l)\ i.uIumcIi\. . li.im-< Moi.mmi.iI 
li.is l)( ( II ( .ilciil.i |( (I llial Ilu li .1(1 is.il.(ji( d.iiv.d t'i..Mi I lu.i mm slu.iild 
h.iN,' Jill .i|<.Miic u.ii/lil .,r ‘JOS I. smc. Ilu* llu.iiiim .ilnm. ah.mic 
WM'dil ‘J*>‘J 1 l<)s('sM\ lu 1mm .'loins ..I .domic \\( i"ld 1, m llu'c.uirsc 
of i.idiojK liNc ciijiM'f. 'I’liis IS dislm. ll\ tri..d.i llijiii the idomic 
I'^dil i»r .ii.liiiiirx I( .1(1 PI) J07 J 


Sod.K and llsm.m d. I.Miiiiud Ilu* aloiiiic U(is;ld of ihoiih It .id 
l)V 111. iiulliod (.1 II.i\Im .md UilsoM. .iiul l<.Miui I lu- \ idiu s ‘JOS Ti 
and ‘JOS ;}, wdli .1 nu.m \.diic JOS I, winch j|.r,M , udh lluil mdicjitcd 
l)N I lu l.icl s of r.idiojicl i\ ll V 

P.p.-IK sliii.mo no. III. I. sidls ohi.im. .1 l.\ Pi. Ii.iids .md lain- 
luil.*^ i\lui .d’lii (oidiimiii'i Mu* .icciirac\ of Ilu v.diu PI, •J07 1, ns 
r<coi:ms(d l,\ III. lid. I mil ion. d \lomic W.urliU ('onimdlM (I0ir>), 
(hfcimmcd Ilu jilomic WM-dils of I, ,ul old mud from .1 \jiiiclv of 
ladio.iclis c nmui.ds. wdh Ilu loliowiiu; i* >.1111'. 


l/.ad from \oilh C'.iiolm.i m.iniml. ‘JOO |() 

.fo iclimc I h.d |tdchl,lMul. ‘iOC, .77 

. ( oloi i.lo c.ii noldc ‘JOO .70 

('«\lo,us. Ilioii.mil. ‘Joi; S‘J 

Mm'li'.li jiilclild' M(l« JOO SO 


Ar.'iunc. Clin- * li.is .dso .Id. mud .1 sonuwh.d .m dojoiis sciics of 
rcsidls wdh 1 . .u! .dil.miid fioni .1 ^.llu 1 \ .d* 1 uh u 1 1\ <* niin. mis, hnL 
imforl mud* l\ Ilu sonic. s .d' Ilu s' :.i. lud '-|.i(du(l 


Lend fiom c.i) lud d. . J0(; :io 

, \ 1 1 io-l.m1.ildc . JOO .7 1- 

pilchhl. ndc .... ‘J00(;|. 

mona/dc . . . ‘J07 OS 

!,m1i mi • . ‘J07 01 

^ Soddv find Ih'M.in. C/n i» s,„ , lOM, loi^, I lliJ 


® Kuhiii.h iUld LmdIm'iI, ./ Amt i'lni. .'‘'■r , I'M I “jfi, I'JJO 
vol. 1 , p • 

I M CmMO, CnWlif lOI'l , ITd J, 158 , KiT'i 


Sec also Hum senys, 
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' Honigschmicl and Mile. St. Ilorovitz^ found the value 206-736 as 
the mean of nine (U-ierniinalions of the atomic weij^lit of piuMfu'd lead 
that had lic-en ohlained from pitchlileiide ; and, suhsecpieiilly, by 
cmployiM^^ 20 kilos of seleeli-d jmresi .Joachinisllial jiilclibleiuh-, and 
also pure- reairc-nls, found the atomic wei^^liL of iiranmin-lead to be 
206-K).'5. Still more remaikable is tin* Aalne 200-()l<6 -!- 0 014 obtained 
by Marekwald fiom a iir.iiiiiim ore oeeiirrin" in an old ])i unary 
geoloffical formation m Moroi^oro, East Afiica; and with this injist 
be ])laeed the value 206-063 + 0 008 determined by llonipfschmid 
and Mile. Ilorovilz ^ m a samjde of bro^Ljerite from Moos, Norwfiy, 
wliilsL tlu- atomic weij^hl of common h-ad dc-lermined in tin- same way, 
was found to be 207 -ISO I 0-006. The are and spark spectra of the 
two leads were, liow'evt-r, absolntelv identical.® 

It lias bet-n ])ointed out by Soddv'* tli.il whilst the atomic weight 
of lead from thorium minerals should lx greal('r than that of ordinary 
lead -VIZ. 2;}2-J< —6 x 1 = 208 I* -the atomic weight of lead from 
uranium miin r.-iU should bt- less —viz. 238 2 — 8 x 1 - 2()() 2, that the 
extreme values found forth<‘ atomic w- i^ht of h ad fioni llxse sources 
are 207 77 and 206 08 icspc cliV(-ly ; and that tlx- dc ii^ila s of tlx si- two 
products are 11 376 and 11*273 ri-spectively, tlx- atomic volume of lead 
beiiMjf the same whatever its source. 

Tlx'se are the tirst occasions in 'which the aloime wiielil of an 
element has bei-n found to \ary with its ideographical soiiiee, and 
further researehes alon<d llx-se lux s will lx- aw’ailed with iiifeK si. 

The results cleailv iMmliim the \x-ws of llussell,-’’ I''a).ms.® and 
Soddy ’ on the significance of radioaelue cliaiiidc in rifereiicc to the 
Periodic System. 


COMPOUNDS OF LEAD 

Lead forms tw’o w’ell-defined classes of compounds derived respec- 
tivelv from tlx- bivalent ion Pb”, and the ipiadrivaleiit ion Pb' In 
addition to these compounds there is tlx- subovide Pb^O, which a})pears 
to be a n preseidative of univalent lead. Tlx-re is evideiiee, moreover, 
of the ('\islenc(‘ of univalent lead ions m solution ; for it has b(‘cn 
shown bv nenham and Allmaud ” that a solution of lea.d acetate, 
heated with h-ad, forms a siibacetati' with the absorption of Ix-at, 
thus : 

Pb” + Pb 2Pb\ 

and that a pieci- of lead in a solution of lead ae< l.itc which is 
maintaiixd at two different tempi latures forms a thermo-e«ll, the 
current llowm^ fiom the hot solution to tlx* cold, and causing the 
deposition of traces of sponijy lead at the cold (-nd of the column 
of lead. The anomalous behaviour of the hydroi^en i-lectrodi- in 
solutions of lead salts is attributable to the reduction of the bivalent 

* Honiprsclxnid and AIIli- TTorovitz, ('ompt n'ri'i , IJII4, 158 , ITQGT 

“ HomK.sfhinid anil MHt* JlnroMt/, Mmvihh , IDir), 36, Itx") 

8c(' .'il‘»o Mi-rtori, Pntr Hot/ •SW . I'MC, A, 91, 19S 

• Soddy, Nafufc, g8, 4(59 

® A. S ItiHsoll. (lirm AVm’i, IDUJ, 107 , 4i) 

« Fajans, Ph,sikaL Znts,h, lOH. 14, i:n, 130; //er., 1913. 46, 422; Der. dmt. 
physikal ( 7 e. 9 , 1913. 15 . ?40; />■ Rvlium, 1913, lo, 171. 

’ Soddy, Chrm Nnr^, 1913, 107, 97, JaJirh. limhoalitr Kit ktrontk, 1913, 10, 188. 

'* Denham nnd AllmaniJ, Trans Chem Soc., 1908, 93 , 424. 
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r 

T.KAl) ALKV1.S 

Lead, like till, ionns no liydride. It nseiiihles the olhei* metals 
of Sul)<»roiip 1 \' II 111 ioiiiiinjf \olatile alk\ls in wliieli llie nielal is 
quadriN aliMit. 'I’lu* foriiialioii of lliese eompounds l)\ the inteiaetion 
of zinc alk\Is and lead dieliloridc with the separation of metallic lead 
emphasis(‘s the non-exislence of lead dialkyls. 

Lead Telramethyl {Tciramcthide)^ PbfClIa)!, foimed ^ from lead 
chloiide and zinc methyl thus: 

2Pl)Cl2 + ‘2Zn(Cil3)2 = rh(CJ]3)i -|- 2ZnCL -[ Ph, 

or from l(‘ad-sodmm alloy and mellul iodide, is a lujiiid lioihn^ at 
110'' C. and ha\ in^r a diaisily of 2 OJU at 0 ’ C. The halides IM)(('II 
Pb((TI j) )Hr, Pb(Cil 3 ) 3 l result from aclioii of the corresponding^ li.doLjens 
on the lelranu thvl, ami are er\s1allme solids easily soluble in aleohol. 

Lead Tetraethyl {Titiadhulc)^ Pb(t’oll 5 ),, is oblaimd from lead 
chloride and zinc melhyl,*^ or by naans of lln* (h'lifiiaid Ksielion,^ 
thus : 

2PbC’l2 I tCollsMirl. PblC.lIJ, I- PI) -j- iMjrC^lI. 

This comjiound is a liijuid which cannot be dislilbd uiuKr oidmary 
pressure without decomposition, but boils al lo2’ C. imdcT lt)() mm. 
pressure. It has a d<iisily of 1(52. The lowermjr of fiei ziiii^-poinl 
of ethylene bromide by le.wl h trai llnl has lx i n dc'lermuK d by (Jliira.^ 

The chloride’^ Pb((\n3)/L foimed by the action of livdioj^eii 
chloridi* on the lilra(lh\l, eiv^lalhsis m medles; and i)u‘ loilidc 
results fiom the «\elion of lodiiu* on Ihe s.iim^ compound, and of mafr- 
nesium elhyhodide on kxul chloiide.’^ These halnles arc sails, diTivcd 
from the base® Pb(C2ir5)/)IL which is foinuil by treatinj^ th(‘ iodide 
with moist siher oxule or dislilhnjf tin‘ chloride with potash. This 
base cr\slallises m mndles, winch are slushily soluble m waU'r, have 
a stronj^ly alkaline naiiion, absoib eaiiion dioxide from Ihi' air, and 
combine with acids to form eryslallme sails; e the suliihate 
[Pb((\ll ,) which IS slij^hlly soluble m water. 

Lead Triethyl, Pb^lPolIa),;, described b\ laiwi^r and by Khppel,® 
probably does not (‘Xist.'‘ 

Lead Tetraphenyl, PblCVJlr,)!. fanned by heatin*,^ brombenzenc, 
in cthylacetate solution, with lead-sodinm alloy,’ or by the (iii^nard 
reaction,’* / e by the action of had chloride on an clluTeal solution of 
magiK’sium jihenyl bromiih'. This reaelion seryes to sep.irali’ lead 
from radinm-l ).8 Lead tetraphdnl cryslallises in needles wiiieh melt 
at 221 )''- 22 o‘^ r., and is eoinerted liy boilinj^ mine aeitl into lead 
diphenyl nitrate, (CflU5)2Pb(N() ,)2, whence other sails can be prepared. 


^ Cahouis, Ann Ohim , 18(12, 122, 87 , -lahtpAnr , ISlil, ofii. 

* Hupklnn, /Iww. Chun, I851), 112, 22(5; Fi mlvUiui fuul l..T\\r.iiu i , Tum-^ Vhcni. SoC., 
1879, 35, 24 .j 

“ Pfeiffer and Trusloer, /i(t , 10(11, 37, 112,1 

* (Ihira, (Juzzftift, 1891, 24, 1, 8(1') 

' Lowils Ann Chun , 1858, 88, 818; Klippil, Jahrcfhet., 18(50, 880 
“ Gtnra, (Uizzdla, 1 89-1-, 24, 1, 42 

’ Polls, lUr , 1887, 20, 717, 8881 , Werner and Pfeiffer, Zcilsch anorq Chtm., 1898, 
17, 100. 

« Hofmann and WoHt, Ber., 1907, 40, 2425. 
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Load totra-p-tolN 1 aiul llu* o()iT(‘s])ondin‘» di-p-tolvl salts also exist..' 

Lead Ethoxide/' Pl)(()t\ll-)j, is jilit.nmd wluii lead in Hum shoots 
is snsj)i‘iiil( (1 os 1 1 * ahsolnli i llw 1 .iIo(»lml I luoii«rl» u hi< li o/.«)no is jiiissod. 
Al'ltr ssashiui( willi .il(ohol, .uid disiM<i o\»i siil|)limio .k id ni 
il 1*M ins ;i liidif stilow pt)\\ dt I . \\ liM li Is solnltlt in w.tli i , hill is roadily 
liNdrolsMil Si\ir.d ollni K .id .dh\l<»\idts h.ist lurii pu p.iiod.‘‘ 


• LK\I) VM) THE H VhOt.ENS 

Lviul L< .1(1 roiins .i di- .nid .i h li.i-lliiondi . and lh(‘ 

lallor iiisis use lo minpl* \ s.dls 

Lead Fluoridci Phi ,, is ohl.nind as .i wliih solid hs llu .lolion ol 
ai| noons li\ (Il ollnoi 10 .lewl on 111 li.n (»i l< .id o.nhon.ih . oi 1 »\ pn oipilat- 
in^r llu soliilion of ;i l< .nl s.ill wilh .i solnhlt llnoiidi 'I'lii lu.il ol 
loiiiuilion ol Nils ooinpoiind 1 >\ llu n.iolion Phi()ll)j , 'Jill (e.is)is 
IS, (. 1)0 oiiloiu^'. il is».isil\ I'nsi (1 lo a \< How litpiul. .ind h.is a di nsity 
of S li 1 1 II is alinosi insolnhl( in wahi .ind .upuons lis dinlliioriC 
acid, hul ( .isils dissols < •. in lis dioolilia lo .iiwl ml 1 u jn'ids lis soluhihly 
in wiihi' .il IS' C' h.is lu < Il d<(luo((l h\ Kolili.insi h ’ lioin llu oon- 
(Inolisils ol iK s.ihn.ihd solnlion 'llu spi i ilio oondiu lulls nl Iho 
sail IS i:U, ,ind 1 liheofa s.ihuahd solnlion (oiil.iins nil) nnlliiJiiains. 
Alllioiiiili ill! aipKoiis solnlion of N.id llnoiidi -.liosss lillh* os uh no(‘ oi 
li\diol\sis, llu solid s.ill is lisdiol\''(d hs ss.ih i-s.ipoin inlo lisdro- 
lliioMo acid .111(1 .1 h.uu s.dl 

A cliluK>lt((nn(h' of lo.id. PhECl or PhE, Phil, was pupand by 
I?ii/(lius hs pi ( oipil .d in:.i .i solnlion ol sodiinn llnoiidi ssilli load 
(■liloii(U\ Il ni.is .dso h( (.hi. mud lioin It .id lliioiul* .ind .minionimn 
chloiidi!’ and oisslalluts in (pi.idi.iho pl.dts II is slio|ill\ solnhlo 
in ssahi ssillioiil dt oomposilKui. \ .ii loiu donhit sails of h .id lliioiido 
svilli ollu 1 h.duh s <.f llu s.inu nu l.d h.is < ht t n pit jMi. d l)\ Sandonnini.'' 

Lead Tetrafluoride, PhE, u.i" latpaud hs '|VP'‘f‘-‘ 

sialo, hs addiii" pol.i sinni hsdio'un phiinhillnttiidt , K,lHhl'(^. lo 
cold 'oonoi nliah d siilphiino .u id Ilsditu:. n llnondo i;as tsoapts, 
svhilsl a Ntlhos solnlutii is loinud, .md lluii .i ptiuhalnur s.ipoiir u 
osoKod wliioli is llion^ihl lo ho h .id h li.illnoiidt l.i.idiiallv, ho\si sit, 
the luiiild htooiius iril.dinons .md Hun pioh.ihls oonl.mis Iho U tra- 
il, (.olltadal slab , sshiKl lu.dnii; il lo 100 110 (’. oansi'S 
umHow liossdti lo st iMi.ilt . sshioh Is h. lit St d lo In a I hud modilio.il ion 
of Hio ttlialhioiult. sinot il hhtialts lodmt from potassium iodide 
solution, <ii\(> luul dioMtl. with v.ilti, and dissolsts in hs diolhiorie 

aeid lormiiuf hsdiolhioplmnhio .1(1(1 , , , , |i „ 

Hydrofluoplumbic Acid. 

w1." “na I'li;. .Ii'.smUmI in nil. il.'.l In. i..lln<,n<. acul. 

Wli.n this M.lnli.m is . 1. ...I .linxi.U s. s (Uin.ni. r). 

The pninssunn sail K.IIIM.In «as ,n.,u.Ml l.y ll.-amKr» by a..t.n? 

> IN.li-. /.’.r, -O-'* 

• p M I’. I Km, f 0»"S 17') 

'■ ( 11 . 11 . 1 . 0 , ^ rni'l I'Ml IM. ’• 

6 Ki>hli!Ui-'( II, Zf ' A. '/( , I'l'd, 50, 

• Jxdhlnnoi li. i/.t(/ , It)'**''. 6 * 1 . h"’ 

» Kou/cs l)i.K't.li. Hull Sm <hn,, I'';*' ; '7- 

8 Samidimmi, J«i H dem/ 7 a«'’' '• h)l I, M alt- ..)T 

» Onuint‘1, T)an^ ('h>m 
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on the freshly precipitated oxide PbsO,. 311^0 with a solution of . 
. potassiuni liydroffen Ihioride in aciiiomis hydrolluoric acid, by fusinif 
together lead dioxide and potassiuni llnoiide and mixing Iivdrolluoric 
acid Mitli the product, and by bringing togetlur lead te'tr.i-aeetate 
potassium liydrogen lliionde ami liydrolliioric acid. Tlie solution 
obtained m either of these ways is eMijiorated in a vaeiium desieeator, 
when monoclmic iieixlles of the reipured salt are obtained. These arc 
isomorphous with the corresponding Im salt KjHSnFj. The salt is 
stable in dry air,* but is deeomiMiseil by water with seiiaration of 
hydrogen lliioride, thus : 

ICalll’bFg d allgO = 3IvF + PbOg -I- .’jllF. 

At 230'’ ('. hydrogen lliionde is evolved, and at a higher temperature 
fluorine, thus : ‘ 

KgllPbFg > KgPbF, y OKI.' f PliP^ d- 1,’^. 

It is notevorthy that this reaction furnishes a eheimeal method of 
prcpnnnjT jluoniu*. 


Lead Chlondes Lead forms a di- and a U ira-cliloridi*, and each 
of tiK'Sf' forms douhh* or eomjdex sails. 

Lead Chloride, PhC Ig, ocems as IIu*.sonn‘\\hal raie mineral < 
which IS of volcanic oriirm, and has l)t‘(Mi found m the cralcr and lava 
of Vesuvius. It was known 1o Dioseondes that yi'llow oxide of lead 
turns wliite whiai placed in warm waUa* \Mlh common sail. 

Lead chloiide may lx* olilamed m \arious wavs, ('hloriiu' slowly 
attacks lead, foimmtr the chloride; llie melal dissohcs in diliilc hvdro- 
chloric acid m pr<‘senc(‘ of air, hul in the stronjr acid, wilh (‘volution 
of hydro^ren, to form 1h(‘ chlorid<‘ : also Ihc oxidf*. hvdroxidt*. or car- 
bonate may be dissolved in hydrochloric acid; hut a mor(‘ usual way of 
prc|)arinir Ihis sail is to precijiilalc a mod(‘ral(‘lv concenlrated solution 
of tin; nitrate or acetate* with hydrochloric acid or a soluble chloride. 
The chloride may then lx* puiilied by nrry slallisalion from hoi watcu’.’ 

Lead chloruhi crystallises anhydrous m whib*, silkv, rhombic 
needles, havinir a (haisity of 5-S02. ‘ Numerous obserxers ^ have deter- 
mined the melliiur-p(»mi of this sail, yxhieh lies betweiai I.sr)° C. and 
512" C\ Its lx)ilm«r-poiMt IS y.5(r C., and its xapoiir has a density of 
9-04 (air -- 1) or l.'kSS (II _ 1) at 1070° ('., xxhich eorr.'Sponds to the 
molecular formula Pbt^g.® In the fu.scd slate molecular ass(x-iatioii 
exists.^ TIkj spfjcific heat of the solid sail between ordinary lenipcra- 
turc and 100° C. was found by llejTnault ® to be O-OOGl, and its molecular 
heat of formation is 82,800 8 or SO, 000’ calorics, or, aceordinjr to Koref 
and Uraunc, 85,570 calorics.® 


^ JtulT, Zdlsch. (imjtH (linn , M)07, 20 , 1217 

8 Camclley, ,/. Ch4m Soc , 1870, 29 , 489 , Welicr, ZeihcJi anoui Chem , 1890, 21 , 305 • 
Ehrhanlt, Ann rhfsd, N R, ISS.O, 24 , 21.') ; Lorenz and Piickflluhl, ZiU^rh (inmn Vhcm.\ 
1000 , 51 , 71; lioronz, Frei, and .labs, Zntsrh. ph/tikal Chew, 1»()S, 61 , 408; Ruer 
ZextHcfi. anonj Chnn., 1900, 49 , .^O.*) ; Goodwin and Kalimis, Phya. Jieticw, 1909,’ 28 1 • 
Monkemoyer, Zritach. Kryatallogr.f 1908, 45 , 009. ’ 

■ Roscoe, Proc, Roy Soc , 1878, 27 , 428 , Scott, Pioc. Roy. Soc. Edxn., 1887, 410. 

• Lorenz, Kaufler, and Liebinnnn, Her , 1908, 41 , 3727. 

» Regnault, Ann. Ch%m., 1841, [ 111 ], 1 , 129. 
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LEAD AND ITS COMPOUNDS 
sparingly soluble in cold and eonsidcrablv more^‘ 
follows "‘ibT. 'rile solubihly of had clilonde in waier is as 


Tf‘)lip ' ( ' QO 

Cr.iinsnf IM/’l . iM 

lao i»t.iiiis II .() (H>7JS 


0 'lU'Mi 1 OS|J 


SO- 

I SJU I SJii.l 2lL*JI .‘11054 


lese data hji\ e a Iwolbld la.iiiiiir m (ju.dil.il n . aii.ihsis, for thence 
1 V parlMlb |>i( eipil.ilt d fioni soliilion l»\ diliiie 

liydroehlone acid, bul Ih.il this s.ibslanc. c.ni he i(l(nlilud 1)\ its 
(M\slallis.ilioti |,,„n |)oiIiiiir I, on, winch il stpauilis in while, 

s iminir lacdNs. This s.dl is l< ss soluble m dilnh sol, il ions of hvdro- 
cioiR .Kid and {)llur (‘hlniahs, hnl inon snliihh* in (‘onct nl rail'd 
liydrochloiie acid solnlio,, liun in w.d.i Tims ils s„liil,ihl\ nmiics 
in tli<‘ lollouinir ni.inm r with the slKi.-lh of Ih. h\ diochlm ic acid^- 


Chains IIC'I p< r IiIk 
C iranis 1M)('1 , p(>r hi n 

(i) al 0 (■ . 

(ii) al 2.) (\ . 


10 100 200 2.'>0 ;J 00 1, 00 


.*) s:{ (, 

10 70 7 0 


I 2 
I s 


I 2 


10.-, I?.-, fOO 


III ( ons( (|ii( nee ol llus( l.iels .i eomsnh.ilid h\ dio( hhnic a(*id 
soiilion oi had ehloiide is pH eipil.ded lo wahi. .ind an a^iiieons 
soliilion by a hllh‘ lisdiochloiie .icid 'I’Ik ionic lh(nr\ all’nids a 
SidislaeloiN (‘\))l<in<d ion ol llase sohihihlns l*'ii>l. I Ik addilion of 
«i Jillle h\ di o(‘hlori(‘ acid lo Ihi saliiiabd a(|iKniis soliilion increase's 
the* conceni I al ion ol lh<* (‘hloiuh nnis so Ih.d lh< soliil>ihl\ piodnci 
of lead chloiide is (\e«-e‘d(<l and pK cipil.il ion hikes place . secemdly, 
the' presence' o( nm(h lu diochle)i a* acid ]iietnie>les I he finnialieMi of 
complex leais, se, lhal nioie h'.'eel chle>Mde‘ eiissoKis The I'acl lhat a 
conee 111 I. lied ll\ elieu hloi le* acid setliil len, is ne)l pn e ipihiie d h\ livdloye n 
siilphiele IS alhilnileel le, I he' lead be ni'^r pn-se nl in I he Ibim of a complex 
ion. 

'I h(' slab' e)| leniisalien, e»f le ael ehleniele in ae|iiee)iis '>e,lillie)n has 
b('('n in\ e si nrab el Ijn \e,\es,' FeinanJ anel \e,n I'aiele (onliars io 
tlu' opinieiiis eif IIk' Iwo Ibime'i' e,bsei\(is, 1 he l.ilbr has ('oiK'liiih'd 
tliat this sail IS ionise (I ni I we, sl.e^e s, I hi is 


Pb(’l> - - PbCl 1 (T 
pb(T pb • : cr. 

and has esimialed the' condilion of a saluiabel se,liilion at 25 2'" C., 
which IS 0 O.OSS nen’inal, to be' as l(,lle,ws 


Undissoeialed PbPh 0 2 pe r ce nl. 

Pb ' ions .50 I ., ,, 

PbC’l ions 1.0 7 .. ,, 

Till' feilleiwiiiLi nsnlls ha\e been e, blamed by I?ol(^('r‘‘ for the 
ionic coiicenlratiem m i'e|m\ ale*nts per Jilii' of a saliirab'd solution of > 

^ Takt'ri fie)zn Sei'lcll, S'ihi^nhU> >> t,f Inmi/tinK ami (hifmiK Suh'<lanr( i (('loi-hy I^ock- 
wooel. !!)I1) 

= (’.«////,/ ,<»,</. I SSI 0?, Ths 

® filiii till! ( 1^1 III . IsMj 7, ijeij i 

* Pe'in.'in. Ziihdt inioni Cfinii , l.s‘l,s, 17, .5J7 

® Vein Knelt'. Znl-^di iitir^ij Chm., I'Mi'l. 26, 102, ses* nlst> lioltge'r, ysiitMh. plitjHxkal,' 
Chfm . 100:1, 46, .“,72 

® ^t,ttger, Zethdi. phyisikal Cltcin., 1 00:1, 46, (i02. 
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lead chloride at 19-95® C. : Pb** 0-0168 ; PbCl’ 0-0109 ; Cr 0-0444 ; and 

undissocialcd PbClg 0-00127. 

Lead chloride solution is hydrolysed to a \erv small extent; Ley 
found, ^ by its jKuver of in\<‘rtm^ ean(--sui;ai', tliat a 0-01 normal solution 
of this sail IS hydrolysed io the extent of 0-6 per cent, at 100° C. 

Lead ehlonde may be distilled in an almos[)here of carbon dioxide, ^ 
but it is reiliiec'd by hydroifen below its meltmii-jioinl, and decomposed 
by y aler-vaponr at 1 li) C‘. and abo\ e mlo a basic eliloride and hvdro^cn 
chloride <^as. The reaction between lead eliloiide and anhydrous 
sulpimrie acid, 

PbCl2 I ll,S04“ l»bS(), -l-2lin (iras). 
has been studied b\ Sehieineimakirs.-* who linds the pressure of 
hvdro»^en ehlorid(“ i^as t\olv(‘d leaehes 1 atmosj)li(re at 27-2' (\ 

Lead Chloride Double Salts. Tin- solubihiv of h-ad eliloruh- in 
^vater is diininished by (lu- iiresi-net- of small ipi.intilns of j)olassium 
chloride, and mcreas(‘d yhen the eonceni ration of the I. liter salt passes 
a certain \alue. The- mimmuiu solubility of lead elilonde at 2.') 2 C. 
is 0-00 IS.*} tfram-moh eiih- pi-r 111 n‘. and is reached uhtii the potassium 
chloruh- is of 1 aOlS N strength.* 

This \ari.itiou in solubihl\. winch is similai Io that of lead chloride 
in hydioehloiic acid, is atinbiiled to the sann- cause, \ i/. to tin mass 
action of eliloride ions al 1 (jw conc< ntration, and to llie formation of 
complex ions PbC'l," at lusher concent rations. 

The exist ence of se\eral double chloiides of h ad and potassium has 
been shown bvLoreir/ and Hucksluhl,’’ who ha\e c xamiin d (In- fn i /.Jiifr- 
point curve of a fused mixliire of the two salts, 'rims by a maMiimm 
at tyo® C. and 86 6 mol pi-r cent of potassium eliloiah', and breaks 
at 140® and ISO (\ willi 60 mol and 6S niol pi r cent, respeetn elv 
of potassium chloride, the ( xistence of I In follow inif doubh' sails js indi- 
cated : 2PbCU.KC'l, which forms an almost lianspaveiit. ^flassv mass; 
Pb(!lj.2K(T which oecius in ihombic cr\slals . and PbC’l , IKCI, which 
is Slid to form n-ddish while. i,UMnular ma«.si‘s 'Dn beh i\ loiir of a liised 
mixture of potassiiim and lead ehlorahs on (hetrohsis shows that a 
complex anion is present.''' 

The followin*' crystallised double chlorides ha\e been obtained from 
mixed aqueous solutions of their com]>onent salts : 

3(PbClo.KTl).IL,()7 2PbCl, IlbCI l>b(’L l(\(V« 

2PbCl2“Nn,Cl ® “ Pb(’l..“2nb(’l.II.() Pb(4" STICI 

PbCl2.2\II;(V 2Pb(i, C’sCl " Pb(’l“ 2MLr(l..i;jll^()i2 

3(Pbn2.\n4Ci).ir20 9 Pbn^AsC’i pbn“.p.ie’i./=* 

* Loy, phi/silal (%m , I SIM), 30 , I'll 

® Bcniath, Cf>( in , 6 - 1 , ua;} 

® Si'huMnt’iinakoiH, (%m Wtd.hhil , I'liil, i, S7. 

* Voti I'aidc, Xct^r/i a»ftKj ('him , I'Mil, ?5, IJO 

® Loirn/, ainl KiK-kstiitil, nni»i/ ('h> m . MKKi, 51, 71. 

® Loren/ and Faiisli, Zufsifi Klfllinrhim laiU. 10 , 

’ Welts. Zntffh nnorq ('hm, isa;?, 3 , , Ivimum'ii .ukI Iferty, Imrr (7/rm. J, 

181)2, 14 , SI, I U7 

® Andre, To/// />/ ?nuJ , I SSL 96 , Ttl, loHJ, Kon/f‘s- 1 M.ieori. li'tll Sor rfiniL, 1S07» 
fail, 17 , *}I() . ilarid.dl. [mn ('him ./ , IS*)*}, iij, I'll 

® Wells ami .Johnson, Zr mionj ('hem, ls‘)!l 4 ^ 117; (,'umpl. lend., 

191.3, 156 , S!)2 

Wolis, Zcitirh (itinrg ('hem , IS')*}, 3 , I'M; 4 , 128 

Noyes. Zrifsrh pht/t’kal. ('hrm , 1 S')J, 9 , (il)‘l 
“ Otto and Drewes, Arch I7iiirm . 1S0<), 228 , 40.5. 

*• Beoqucrol, Compt. rend., 18.52, 34 , 29, 
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According to Footo jind Lcvv,^ only one load ainmoniiim chloride*, w, ’ 
SPbClg-NH ,(’I, exists. K(]uilil)ii:i in tin* svslrni untcr-anininninm 
chlondc-h'jul chloiide Inm* In'cn stndhd ])\ I’loiisliii " • 

rA\o compomKls (if Ksul ehlonde with .■mminniUMi hroniidi' havi* 

bmi (K'smhnH, 111 . v an* \I1 ,Ih .md IM.CI ,ni-. l.aid 

cliloridc I’oims amDi pM’i.lnn llic siiliJ.iim I*l>('l , lU' , ll_r,\. which 
ci\slallis<s III iM.dl.s, .md i.ipidU Ids. s pNii.iiiii iii Ihc .nr* 

^ Basic Lead Chlorides. N'.m.uis b.isic !> .id .lilond. s .'\isl. Owmi^ 
lo dll' Icii.lincN of liM.l Id I'diiii I).isi(‘ s.dls, b.Die clilDiidcs an* rnon* 
c.iiiiiiDii 111 II. linn 111. in llir iiDini.d sail 'rims (lie mni. r.d nmflnrkife 
IS lMi('L Pl)( ), and is l.n in. .1 ai I ili.‘i.dl\ b\ I' lnl iii'M li. iidi ni.il clilDrid.' 
in 111.' air niilil im imdi.' 1*111111 s .in .\dI\«.I 'I'li.- iiini.i.d aam/i/nVc 

l*l)(’L.‘J|*b() IS also wt'll kiiDwii Win 11 1. .1.1 i IiIdii.I.' is fused willi 
li.ul D\i(l.' a xtllow piD.lii.'l n -.nils, wlii.li is ns( <1 .is .1 pitnii. iil under • 
til.’ iiaiii'' i/i'fln,c , il h.is appiDMin.ili 1\ llii‘ enmpDsiljon 

Pl)(’L.7l’lt(), bill IS iidI .1 sill'd' siibsl.ni.'i N'aiiDiis i.mipl. \' basic 
cIiIdikI.s' , 11 .' fDiiiKd wli'ii i'IiIdiiii. an. I .111 .lel dii lilli.inre .il liii^h 
I. iil|i.‘iahin' ; bill 111. \ .in* pnib.ibb ini' Inns 'I'lie b.isie l.'iid 
elilDi'i.l. s lia \ (' bi . Il in \ ('^l I'j.ib .1 b\ liii. 1 w Iid li.is h a.*' d I In fn . /ni',''- 
pDiiil enne of fns. .1 inixinns of 1. a.l dnhI' .md li .i.l .IiIdii.I.', and 
CDiielnd.'s Ih.d dii1\ IIh' fnll iwiiil*^ llin. ihIimIidiis b.isie elil.iiid.'S 
<'\isl • 

(1) Pb( h PbO, wliieh De.'iiis ii.ilni.ilh .is nidll),'}, tit 'fins cdiii- 
poniid ei N sl.illis. III l^*ll'^^ Mini 11 . <.ll's ,ni.l .'.iihidI Ik iiitlb.l wiMiont 
.1. eniiipDsil iDii, bill .1. e.>iiipD'.i al 1 (’ , \i«ldni'f III. s. e.iiid b.isie 

elllolKl''. 

fli) IM)(’I , *jPb(). wIihIi . \isIs ii.ilni.dh .i-. H‘i >nhjuft\ rDiins Imi^, 
shiniiiif lie. dl. s. Ili.il in.ll, ini.l. eoinpDs' .1, .1 ! i*n:; (' 

(.‘1) Pb('l , iPbO lias iidI b< ( m rDiin.l in ii.iinn*. bnl ei s si alli'ii s in 
\ell.)\\ pliib s, .iiul M. Ills ji In I'.dil mIIdw pitv-.l' i II in. Ils, nii(-liani;ed, 
111711 

S(‘\.i.d livdi.ibd b.isie 1. .i.l .*1i1di nl. s, di !< a.l li\ .li d\\ elilinuK's, 
(Msl, aniDiii; IIhiii b.iie^ llii* iniii'i.d Juttntmtic Pb( I , PbO II^O ov 
Pbfo'lIU'i .iililH'i.d f.nin ..f llii. snbsbni.'. w.is .il dii.' time 

pnp.ir..! b\ |.n .'ipilalniLr !• a.l .dilDii.l.* s'.IiiIidii willi Inn.' w.ibi Tlie 
pioe. ss \\a> p.ildib.l bs P.illinsDii in isin, .ni.l lln pnxlnel ns.-.i a.s 
aMibslilnb f.n wliile |. ,id This eDnipDiiml. .is w.-ll .is PbCl , :{Pb().lIjjO, 
appiais .dso Id b. r.n’ni..l wli.n l« .i.l elil.nidi is sh.ik. 11 wilh water 
knd Ml.' hvdi.ib.l nxi.le Pb .() .(Oil)./ , Pb(’l, MPbO is also supposed 
lo be pni.lne. .1 in .S<li..l.‘\ pr.ie. ss Tdi ni.iiinr.i.d ni nm .Miislie soda by 
the aeliDii "f hMiarin on so.linin ehl.ni.l'- sdIiiIiiiii, Mins 

L>Xa(d I iPbO I no -iX.iOH ! PbC’l, :iPb(), 

bill aeeoi.hnirl.) Pull and \nst. n\. il Mlw eDiiiiiDini.l Pld'l, iPbO 
ispvodne.'.l wh. n a normal s.dnimn Dfs.Klinni ehlDiide is. niplD\. d, thus : 

‘jX.i(’l I aPbO I- 11,0 -- UXaOll I Pl)('l,.lPb() 


III) 


' iml I-d, I/*" ''7' ...... 

•’ lil.)inl"l >1 iH> hi'-r f •"H ' ' 

' n „,/(•. 1 '■ I"'/.!'-'' 17 . 

) lion'-../ I'luhiffil Clo /II* l"IJ 16, \Ji 
’ Cross .iihI S( i, / f fi< m >'<'if' I*'-’ 

** fv.K'i, Al il''i h itii/it'J ^ Ik in , 1 In.* ^ n , . in.n iTnff *i 

V PlnssiiPi .ni.l Ain't iMih. \ifiiif' i> h'l/^ >1 0. 7 - . 1 »n7. 0, 1 Toft 3 

8 l-iorl 5 irul Niistcnv.il.^.n'f'/. Uk/' h m , I »•’. I >» 



' The hydroxychloride formed in Scheclc’s proct‘ss turns yellow whcfc’ 
heated till it is anhydrous. In 1787 Turner took out a patent for 
preparing caustic soda by Schci'lc’s reaction, and the ignited basic 
chloride was (employed as a pigment iindcT tlui name of Turners yeUow, 

‘ or patent yellurc. 

Stromiiolni * has jirepared the salt 2l*I)(!l2.CPb0.ir20, and finds 
that it cnsl;ilhs(S in y<“llow needles; he has also oblained the salt 
PbClg.tjPhO.^lIaO, mstallised in needles which on heating chang£;iii 
colour from grey lo \ellow. 

Lead Tetrachloride, PbCl — Comjdex salts of llu* type ]M' 2 Pl)Clfl 
were ])r(‘pared before IIk' letraehIorid(‘ itself was isolated. First it 
was (d)s<‘rved that lead dioxide can be dissolved in cold coiici'iitratcd 
hydroehlorie acid wilhouL the (‘vohilion of chlorine-; also that a 
solution of sodium chloride saturated with chlorine can dissolve a 
considerable (pianlilv of l(‘ad diehlonde,^ and that hydrochloric acid 
itself mav be emplovixl in ])lace of sodium cliloride.'* Tlusi* facts 
indicate the piobable e\isl(‘iiee m solution of compli x ions conlaiiiiiig 
qiiadi I valent hsid ; and the ammonium salt (Nil |) 2 Fl)(’I,j was oblaiiK'd 
in an iinpiiK* slat(‘ from such sohilion bv Nikoljiikin.'' Tiu* tetra- 
chloride itsilf w«is lirst isolated bv Friedrich,'* who [inqiaied aminoiniim 
plumbiehlond'* by passing chlorim* into hvdrochlorie acid containing 
lead dichlornh* in suspension, and th(‘n adding ammonium chloiide lo 
the Inpiid. Winn the sepaiated ammonium eompkx salt was added 
to w'ell-eooled sulphuric acid there w'as a Mgoroiis reaction, with (‘volu- 
tion of liv'd rogeii chloride gas, and tlie sefiaration of a yellow liquid, 
which was lead tetrachIori(le. 

Lead letiachloruh' is a yellow, niobih*, refractive lapiid, liavmg a 
density of 3-18 at ()*’ C. ; it solidities at -- 15° (k to a vi llowish, 'ervstal- 
linc mass. It is fairly slabh* under concent rail'd sulphuric acid, but 
fumes in moist air and d((‘ompos(‘s into h'ad dichloride and chlorine; 
at 105° (k it d( e()nip(>s(‘s explosiv'cly. 

With a little water it forms an unstable Iiydrati', but with mueh 
water it, is dc'composed into lead dioxide and hydrochloric acid. With 
a htth' well-cool(‘d, concentrati'd hv'drochloric acid it yields yellow 
crystals which are probably hijdrochloroplumhic arid, IKPbCl^. A 
yellow solution of this acid is obtained when concentrated hydro- 
chloric acid is ekclroivsed with a had anod(‘.'^ 

Ammonium Plumbichloride, (Nll 4 ) 2 PbC’l 5 , has Ix'cn jirepand iii 
several ways. It is obtained when cold hydrocliloric acid ads on lead 
dioxide, and ammonium chloride is added to the resulting solution®; 
by treating lead dichloride with fuming hydrochloric acid and chlorine 
under pressure, and then adding ammonium chloride ® ; by adding 
ammonium chloride to the solution of hydrochloropliimbic acid 
obtained by electrolysis,’ or lo a solution of lead tetra-acetati' in hydro- 

' Stromholm, Znfsrh anorg Chem , 1901, 38 , 429 

a MilUin, Joni r/tarm Chem , 1842, |iil, 28, 290 

* Sobrero anfl Sclini, JahtesbfJ, IH.iO, 222 

* Ditto, Com pi 1881, 91, 70.5. 

• ^ Nikoljukjn, ./ Ritss Phy’f Chem 188.1,207 

. • Fricrlncli, Her , 1803, 26, 1 134 ; ."(*<' also (lasM-n .'iiid Zahorski, Zriftck. anorg Chem.y 

'’‘} 93 , 4 , 100 

’ Elbs and Nubliiirr, Zafsch EUklrochcm , 9, 770 

* Nikoljukin, lor nt. 

^ Classen and Zahorski, Zrilsrh anotg ('hem , 18J13, 4, 100 
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cUoric acid i ; and In- 1 lie interaction of lead dichloridc and animoniifm ^ 
pt‘i sulphate 111 Iiydrochloric acid solnlion,- iJiiis ; 

(Mr,),S20, 1 pbn, -1 iiici (Mi,),i’ii(’i„ -[-‘jiraSo,. 

_ Auinidiiiinii ])luinlurhl()iid(‘ cix sl.dlisi s in <*i( lon-vi lloxs oclalicdra ' 
isoinorplious nifh (Ml ,) ,SuC’|„ and (Ml.ldMCI, II is s'., 1,1, the 

iiir and M,a\ he lual<‘d to 11.") (\ \\i(l„,i,i p, us p! ihlr drconipusihoii ; 

It 4lcn)iupos(s,‘ h.,^^e\e,,a( L»L»:> ’ C’. Tins s.dl lus Inm Miiphncd for 
chloriiialm^r n, malic In diocaihoiis .md Hair d. ,naln.-s ' 

Potassium, niUidiiim, .nul casmin pliimhici.innd, s us, mhl, llic aiu- 
, iiioiiium sail ; K JMiCl^, d, c(im|M,sis al I'M) ( 111, .l‘l,( I„ .md ('s..|M)CI,. 

at ahoiit -JiSO 'C*'* T\u' (lumolim* ami |•\n,lMM s.dis, (( .,1 l-M I idMiC’l ’ 

and (C - 1 1 |\I I )^P1)( 1,^, u spi cl n i 1\ . hii\ , l„ i n pi , p,i i , d ■ 

A immlxi of plmnlMchlmidts li.n, Ixtii pu p.iutl 1,\ (hillmi and * 
U issmiill, 1 '• |,^ miMii*; indiochloiopliiml.ic at id will, soliilmis of 
uulallicoi SI 1 1 )sl 1 1 1 1 1 ( i { a M,m< mi I im ( liloi a it i 'll,, i, iillsait iiiiindioiis, 
hcniLj I,. ,,i (11 XII 1,^, .md .lu ohl.uiMd m mmiil, \cllow 

<»r red ciNsl.d. (nmpoimds of Ih, .dl .di m, l.ds .md <ltin. lines of 
(lie* p\iidm<' ,md (|iimolm, stii, s, ,iu si ihl, , .dipli.die ammonium 
i'om|,oim(ls l( ml htd.' eomp(»s< m llm .m . , \ <i|\ m.» fiilm me 

Lead 1 ( 1 1 .leldot ide lorms eompomids willi .mirnttm.i ami oi'Muie 
l)as(s,‘ 

Lead Chlorite, PI)(('|().L, is ohl.iiiidl 1,\ pu , ipd.d nef I, ,id miratc; 
soluhoii \\illi .1 soliil)i( eldt,iil, ll ei\sl.dlis<> m si al, s, arid 

c\plodis wliiii III. did aho\( 100 V \ mi\lm, of ihis sail 'with 
sulphur mllaiie s whin riihhed. 

Lead Chlorate, Pl)((’l(),)j ILIL is nhl.umd !)V a'Miie' li.id oxidi* 
or Ciiibim.di m i \ei ss lo ehloiie .leid soliilum, .dl(»\.mif llii soliiliou 
1(> slaml ibi dav. ami lliiu lilliiuii^ ami ei,iie, id i.d iie; Ilii* lilhati*. 

'i'lie' CM si, lb ale mimoelmii*,'* ami aie isnimn phniis ^\llh I hose of 1h(‘ 
eorrcspomimif haimm sail. IhiiriO^), 1I,() 'I'h, sail may be deliy- 

dr«de(ibs hi .d,iu,Mmd, r irn all\ k diiei d ],u s ,iiu lo i;)i) I 10 (’ The 
manner of <li eom])osdion of ardndious 1, ad ehloi.di I>\ lu al is mb 
m^ b( cause il mav lx (omp.iiMl wilh liu I miili n di eom|iosiliou of 
polassiiim eliloi.de 'riii sub|, ( I h.is lx in iin i si in.di d b\ Sodeau,^® 
wlio h.is show M lh<il ehloi me Is I \ o|\ I (I loLf, I 111 1 nil h o\\ e, ;uid that 
in the slo^\ dl eomposil loM of llu* sail uiidi i l< mm pH ssiire at 22.'3'“ 
200° C. Ihl' follow mi( imlejx mil id iea( lions laki |»laee : 

IMiKlOj), Pbl’l, i 
I*b(l’lO.)' 1*1)0,“ 1 C’l, ' 20^ 

and that lead pi loxidi ami ehloime mb ia( I ihiis : 

PbO, i (1^ ri.l’L ! (),, 


^ Hull liiMsnii iinil I’lill ml Ti'ins ( /n m ,S',jr , l.sOii, 6o, JI2 
® Si'ji \M 1 / . 11 x 1 'I’l.iWll/, (’iiiniit mill , 136, 

® Wells, Zf A tihi-iij ('Jif)i' ls‘){, /j '.‘{"i 

* Se^evM’l/ null Hxil, Cumjif ;,///. lauj, 1 IJii S'lml/ ,,uil 'li.iwit/, ('ouijtl 

. rend., isiir.l, 136, L’in 

• ami .Nul'liiii/ Z. '/I'A ///,»//• /x , 1 'HU. 9 , 771. , (h u .iiul Z ilienki. Zo/w/f 

anorq ('hnn , |S'l|, ,4, 10') 

® r«ull,KT«ii(J \Vis>miillii, fmi'i'tU Cl-i III , I'dl. [id, 90, 1')l 
’ Mattliews, ,/. \iit<r (’/nui S',( . ls‘)s ?o, sl'i 

* Sf luel, .bi/i , ISV), 109, :H7 , Milli.u, \nn ('him I'ln/s lst2, fm], 7, 327. 

® Marij'nae, ./ii/ef , IS.m, IJ'rS 

Sodoau, 3 V«/m ('/mn ^)fn' , l')0(), 77, 717 
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s(f that the anioimt of chlorine actually evolved is much reduced. 

If the deeom])osili()n t:ik(‘s place rapidly at hi^;h leiiipeniturc, the 
oxychloride 1*1)0. PbClo is formed. 

The differeiiee belweeii the l)eha\ lour of lead .ind ])olMssium chlorates 
when healed lies in lh(‘ loss of chlorine by llie foiinir sail ; and this 
difference may b(‘ altribnied to the weaker basic nature of lead oxide. 

It may be sujrm'sted that the nitrates show a somewhat similar 
difference wIkmi lu.ilitl, pt)lassium nitrate nlinmnj’ all its mlroj^im 
as nitrite, whilst lead nitrate loses it all as NOo, and is coin ei Ic'd into 
oxide. 

Lead Perchlorate, l*b((’10,)^..‘}Il20, is formed, not by itTinliou of, 
the ehlor.ile, but by dissoKmjr lead oxide' or carbonate in acpieons 
perelilorie aeid. It er\ slallisc's in sohibK', while needles, wliieli hold 
their water very tenaciously. The basic s.ilt Pb(t‘10,)^. PbO ‘ 2 II 2 O 
is know'll.^ 

Lrad Ihomidva. Onlv the' dibromidc' of lead is d('liml(‘lv known, 
and this fnrms various dcuibli salts; chiivalivcs of the* let iMbroimde 
have, howe ver, been prepaicd. 

Lead Dibromide, I’bliro. resembles the* ee)rie.‘,|Mindin<r eliloridc', and 
is ])rep<ire'd bv disseilviinr le'ad oxide' in hvdiobromie ac'id and ervstallis- 
in^ the solution, or bv pre*eipilaliin( a lead salt with peilassiiim bioniide 
solution. If eivslallises from Iie)l water m while' needles, whie'li belong 
to the rliombie svste'in, and have' a densilv of tl 

If hydrobronne ac'id solution is added m excess to a 0 a jie r ee-nl. 
solution of le'ad bromide' in hot water, ne‘('elle*-shaped ervstals se'paralc 
on cooling, vvhieli have' the composition PbHr 2 .»‘in 2 D.“ 

Various obse'i’v atioiis have* lie'c'ii made' upon the me'll iiig-point of 
this salt, which lie's belwe'e-n ISO’ (\ and I!)!)’ (k Wln'ii fiiseil it, is a 
red liquid, sohdifving to a while*, horny mass ; if, howeve r, it is me'lle'd 
in moist all'll e'lmls while fume's and forms an owbromidi'. d’he' boihng- 
poinl * of le ad oromide' is about J)* 20 ^ C., and its mole'eiilar he at of forma- 
tion from the' me'lal and liepiid biomine' is 7.‘),000 e.ileuie s (lie rt he lot ), 
or ()!-, t<j() calorie's (Thomse'ii This salt, slowly d.irkc'ns in the light 
owing to the s<'p,iratie>n of mc'tal.® 

The solubility of le ad bre)niide m water mere'ases rapidlv W’ith 
rising te'mperature as the' fe>lle)wing figure's show 

Tomp^t’ 0 If) LM 15 55 (>5 SO 100 

Giains m 

100 grams KaO 0*15.51 0 7:}05 0 0741 1 17157 J i:}7i> 2 571 4 751 

According to von Eiule,** tlie solubililv at ‘2a *‘2 ' C. is ()*0'2(>‘2S gram- 

* Meingnac’, , 185.5, .'MS ; HotuWa'^, Ann. (Jlnin J’fnh . ls‘{|, 16,500, Roscoo, 

AnmUn, 18(52, 121 , 5.5(5 

® bitti’, Cmnpf nml , ISSI, 92 , 718. 

» EluliaieltftOO (’), I/O/. /V///«/.. N F , lSs.5, 24 , 215 , 0 II Wt'hcr (m)" C ), Zdtsch. 
anorg. 67ipwi,1800, 21 , .‘t05, (’.iniclt'v (101)’ (‘) ./ Chnn Sor , IH7S, 33 , 275; Jre'lfciistojn 
(480’’ C), Zciisrh nnmtf (%ni^ 1!)()0, 23 , 2.55, (looehMii .end K ilium ( 188" U ), . 

Jieview, 1 nOf), 28 , 1 

* Wf'b('r(018’ U2U' V), ZdltiJt. anonj Chem , 1899, 21, .'JOa ; Ifi'Ife'nstcm (921" C ), , 
Zeitsch. annrg. Chnn , 1900. 23, 2.55. 

® Tliom=e(’ii, J jnakl Chnn., 187.5, fiil, 12, 92. 

® Norris, Ann. Chnn , ISGl, 117, 189 

1 Liohty, Amer. Chem J., 1903. 25 , 409. 

« Von Enclo, Zeihch. anorg. 1901, 26 , 129. 
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molfciilc ])('!' litiv, \']iiKl: tlic stale of ionisation of flu* soliili«)n is*n9 
follows ■ 

0 DDllMi ^lain-nioK cnlc jif Phlti . (iiiidissoei.ilt i!) |k r lili'e 

OOHiO.'J „ IM) 

<H)1 „ Hr' 

^'riu fnlldw iii'j I’l'siills Ii.iM, li()Wt\ti, ht.o obl.mi'd li\ Ho(lL,^‘r,^ 
(‘Xjiii'^d in ( (|iii\ .di id s |)( I lilii lM>l!i . (MM)] I I H])l>r 0 01 10. 
PlJ 0 0100. Hi ' 0 0:{L»L» 

III LTi ii< laK llii* soiiihilil \ oi Ir.id l»ioniid( in li\dit>( liloiie. niliie. and 
aeelie .leids. as will as ni aninionnini (lilmidi Mtlnhnn i^ lM'.iIm liian 
in w.iUr; Inil tiir soIiiImIiIn ni lliis ( i>ni|iiiiind in liMiioL!! n Inoinidi* 
soliilion IS analiM/ous jo Ihat nf ]< ad (iii(tiid< in ii\ dhu iilm ic aeid , 
llial IS to sa\ it i'. Ii ss snliiMi in dilnh In dio'ii ii l>n»nniU sniiilinii 111. in 
in pine wah i I lili» el o "i innnial s«ilnln»n of lIHi dissnl\(s (iiilv 
1 ‘i.") ’.jiain PliHi . .d II (’ , w liiUl .i Id i < ef walu all In sann li nipi'Ui- 
liire dissi)l\(s (i <panis - liiil nioK* sM|id)li in a eniiei idi.di d sniidioli 
than III I line w .d< i ow iie' pi ( lx lui ni.d leii ef i • )ni|>l< \ ions ' 

Double Salts of Lead Bromide. L< .id ln'»ii.|il» roiins .i niiinlM r ol 
doiihli sails wdh lln Inoinuhs of mon ( !• ( I iop«tal i\ ( itn l.iK, .ind 
conihinis ,dso wdh Indiohioniie .leid lo Inini I h< eisslalliin' eonipli \ 
acid ‘J 1 1 Hi ,*iPI)l!t , loll.o* Th< follow iii" sails h.i\ e In I n dt sei iln d * 


Pl)Hr..‘JKHiJ PhPr. ‘J\ll,Hi II. O 

PhHi“ II. O.'* -JPhHr. MI, Hi 

»PhIh . OKHi II.O(M. MI, PI), (I, Hr. 
PhHr/MsIh II.O. lMI,MM)Hi,(l, IM.O 

‘.iPhHi , Klh .Old MI,Pl).lh ,l 1.' 

PhHi, 2 M 0 H 1 , 011,0 


Phlh . LMlhHi II , 0 
.Old ‘j'Pl.lh ..Hlillr.'* 
Phlh . KsHi, 

Phlh , (Mh, 

‘JIM. Hi , CsHi,'* 


I'ompoimds of It .id chloiide ami ho h.i\i Im n di eiihi-d'^: 

PhCl, Phlh. .iiid :}Ph(’l . PhHi,, hid lh<^< ni.n lx isoiiioi phniis 
niixliiies of iln I wo sails 

Basic Lead Bromides, ^^hen I. .id hioimd. is Ins.d in nmist 
air il IS eoiiN.ihd lido a jHaih m How ni.iss which is s.nd lo he 
Phlir, PhO, Ihe hsdiahd sail PhHi, PhO 11,0 is ol.laimd when 
sodium hioniidi and had .ieel.de sohdions .iie hcahd lo;,'elher,'=‘ 
and idso wlnii !• .id hn>niide s<diilion is Inahd wdh ammonia; 


) Out I -rn. rh>i^<hil ( 7 m.,., HHM..16, i.nJ 

* Ainlie, ('(,/„/'/ , l''s », g7> I 

8 r,,,,,/.' /. i“l , 9-2. 

* liO\\lt(, (t';, .* Il'iniUniiil , ls,(l \, lUI 1, 11 v . I /If 

. iw’n ...1.1 lint,. I.m. ' l„ m ./.IVL'.m.SI III,. \\. Il', /. ./srt mm; Uin,,., 

ISOih 3 IM”, 

' W( lU li.liM'cn, Zo''.// iifnon ( /m /,! . |s'i;{ 4 . 117 

' Kom/cs iM.u.in I'n'll JS'i:. |iiil 17, Ml, 

" minnl ('Inin, M'M. I-'' 

9 W Is ,1x1 W.iM.n l.i-o / -''ilO >^’'5 1"' . 1‘i- ^ 

/ I'M-.. !7. anarg 

'"if = '>'■». 

« Hoitv Mill lii'iM-. ■' -I'"'.- 

a,. J.an. M.n., mi, 20 , m. 
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the compound PbBr2.6Pb0.2ll20 has also been obtained in white- 
needles by the action of 0-05N KBr solution on lead hydi-oxide, 
whence 4PbBr2.12Pb0.3ir20 is formed in yellow mieroscopie, needles 
by the action of caustic soda.^ The compound PbBi^/iPbO is said also 
to exist. 2 

Lead bromide forms witli [lyridiiu* the eoiupounds ® : 

PbBr2.2C5ll5N and PbHio.^CslIsN. 

Lead Tetrabromide has never been prepared, but (piinoline plumbi- 
broniide, (C'gll-NlIl^PbBrg, is obtained when the correspondm^r chloride 
is deeom])os('(l by concentrated potassium bromide solution. That 
this is really a (]uadrival(‘nt lead compound is sliow'ii by the fact that 
alkalis S(‘parate from it hsid dioxide.^ 

Lead Bromate, Pb(Br()_d2* crystallises from a hot solution 
of lead carbonate in bromic acid in shinnuf monoelime crystals, iso-- 
morplious with the eorrespotidm*' strontium salt. Lead broinati* is 
decomposed at 1S()° C. and leaves a residiu* of hsid dioxide. One litre 
of a saturated solution at V. contains 13 A j^rams of the salt. 

The basic salt Pb(BrO jl^.iiPbO.'ill^O ^ is oblaimd by the inter- 
action of lead hydroxide and ammonuim broinate solid ion. 

Lead /ad/de.s'.- -Lead forms only one lodiile, Pbl2, which f^uves rise 
to double and basic salts; some derivatives of the* unknow’Ji Pbl^, 
however, exist. 

Lead Iodide, Pbl >, may be obtained by dissolvim^ lead m liydriodic 
acid, or by preeipilatin<( a lead salt by means of a soluble iodide. VVluai 
obtained in the lalter wav it is a bni;hl yillow piecipitalo, which 
dissolves in nnich hoi water and separates ai^ain on eooliiu^ in eolden 
yellow six-sided pi. ties. Tin* density*' of lead iodid(“ is (i 1(5; when 
the dry salt is healed il becomes rcddisli yellow', thi'ii bri^hl ud and 
brownisli black, and linally melts to a reddish brown IkiukI at about 
380" (\ Vaiious estimations of the melhii'^-pomt arc as follow: 
Ramsay and Kiimorfoponlns,’ 373 ’ C. ; Khrhardl,** 37.5'* (\ ; Carnelley,’ 
bctwTCii 37 t't\ and 387" (’., w'llh a mean value of 383 C. It boils 
betwTcn 801" C. and 95 A" C., and may be sublimed nnelian^fi'd in an 
atmosjihere of eaibon dioxide.^' 

The molecular heat of formation of lead iodide from its elements is 
89,800 calories ; or, according to Koref and Branne, 41,850 ealories.^^ 

Dry lead iodidi' is stable in the air ; but the moist salt, under the 
influence of sunlight, yields lead carbonate and dioxide together with 

^ Stioinholm, ZeU^ch anorq Chem , lt)0t, 38, 486. 

* Andre, Compt und , 1.SS.5, 97, 11102 

» GocbbclH, Bel , 28, 794 ; Hc'-ise, 7. Phj^irtd Chem., 1912, 16, 

* Classen and Zahornki, Zeihch anorq. Chem , 1893, 4, 100 ; Klbs .ind Nubling, Zeitsch. 
Ekktrochem., 1903. 9, 776 

* Stromholni, ZeU-srh anorq. Chem , IJlOA, 38, 429 

* Clarke, Con-Htanla of Nature (W.Tsinnirlon, 1888), pt 1. 

’ Ramsay and Kumoifopoulus, Bhil. Maq , 1896, 41, 360. 

* Ehrhaidt, Ann. Fhjsik, N.F., 1885, 24, 215. 

* Camclley, ,/. Chem. Soc , 1876, 29, 489. 

Camolley and WilliamH, Trana. Chun Soc., 1880, 37, 126. 

Schtsclicrbakuif, J. Russ. Pkqs. Chvm. Soc., 1905, 37, 682. 

J^Thomsen, J. prakt. Chem., 1875, [iil, 12, 92. 

And Brauno, Zeitsch. Elektrochem , 1912, z8, 81$, 
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the salt is Iioattsl in llw air it loses iodine nnd-^ 

H>nns an owkxIkIc 

Thf s..I„l„l,(v of |,,ul I.alid,' III «aUT is as IoIIoms : , 

‘i‘* «.“• .M i,:» so 100 


'rnnp “ ( 

Grains Phi . ... 

IlHIm.nnsM (1 iup ||2 


OL’lsi o;{OL’;{ 0 i:ifi 


Acooi(ljM!> 111 Mill KihIc,' III,. s,i|mIiiIi|\ ( is 0 ool.jS iiraill- 

Iiiwlrciil,. per hlir Tills sail is IIiik iiiii,.|| |. ^s sciliilili' in MaliT limn 
the 1)101111, In or cliloiul, TIi,- soImI„|,|„s oI Hi,. Iliiir sails are shown 
in Jmit. i.,. 


4 - 


i J 


. 


P / 
<0 










• 0 III’ .’j j) -,0 bo' v’oj -'e. .,j‘ 

Pio n Soliil.ililN M.IMS nf || .1.1 < IiImii.I. I i(,i„ii|. , mil iixlnl, III waior 


Tlu* s() 1 u 1 )iIiIm s (>r 1 ( Oil clilni all , Inoinnli . .iml kmIhIi al 20'(’ have 
been (It lenniin d b\ Holliri i ‘ bv coinpai iiil^ tin i h cli le eondiiel i\ il k s of 
tlieir satni.di d solnl ions w il li I Iw uondnci i\ il \ nf pnir \\a[< r. The fol- 
lowinn K suits \\(ie obi. lined Odl |n IMiIh^ .s;U ' 10 'i, 

PI)Tj 0 l '7 : 10 ’ ^i.ims per liln Mnno\<i. il was eonrlndi d that 
lead iodide is dissoei.ited '* onlv into Pb and ‘il' nms, no Pbl ions 
bein<r I'oimed, the lon-eoneenlral ion of this salt was ‘i .'i:j '' 1()-® 
eqiiiNali“nls pi r bin. and Ihe solnbiht\ piodnel s 10 . 10 •' 

An fopiions solution of lead UKlide is (olunil-ss, llu- \ello\v colour 
bein^ that ol' the solid salt, and not of IM) nr I' ions 'I'liis salt is 
more soluble in alkali iodide and acil.ilt solution^ than in ])nre water, 
owinjj; to the foimation cd’ eoni|)le\ ions Iiuhrd, Icail lodi.le may be 
dissolved in conet ntraled polassiuni iodide solution and repreeipitatcd 
by dilution. 

Lead Iodide Double or Complex Salts. Lead iodide combines with 
hydriodic aeid to roiin a ciw stallin' eoinpoiind, and with a larjrc number 
of metallic iodides to foim double salts. 

‘ Sflani'i, \ntia\ni, l-shii, 127, PM 

. “ l.whU. Anitt <fiun ./,I 1 MM. 25, U.!» 

® \'nD Kudo, Zf r/'f // titHiKi f'hnti l‘MM, 26, lf )2 
* Holtir<*r. Zci/si/i r/» m , PMM, 46, ()n 2 

(Sou also von Kiulc, Ziif-it/i annHj t'/nm , lOO.'J, 26. 159 . 
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f The compound Ill.Pblg.SHgO'is obtained in unstaldc crystals by 
the action of liydnodic acid on lead in presence of air, or by dissolving 
lead iodide in livdriodic aeid ^ ; and the following dmilile iodides have 
been deseribaf: Pbl ,.2LiI . Ul.,(),2 Pbl ,.Lil .oil ,()J Pbl,. iNaT,^ 
PbI^.2Xal. HljO,- PbU.iiXal.orL/V Pblg. K1.2ll,() ^ (oilier potas- 
sium sails lia\(‘ been described, •'* but llieir exisluiee is doublful), 

SPbla- lNIl^l.on>(),-;jPbI,. |.N(ril3)J,n>l)l2.UbI.2ll,(),M*l)I,.(:sI^ 
also double lodidis eontaiiunu the following elements : (11, Mg, Ca, 

Sr, Ila, Zn, Cd, Sn", CV', Fe", Mn", Ni", Co", Al, P'", As'", Sb'", 
lii'". The pyridine compounds Pbla.SCsIl^X and PbU.SC.IIsX have 
been prepar(‘d.** 

The following ehloriodid(‘s PbL. Pbt’l.. or PbICl » and llPblCl * 

and Ihe bromiodide Pbl2..‘lPbHr2 are sauf lo e\isl. hnl il is ((iK slionable 
'whether they are true eomjxmnds or isonior[)hous nuxlures of ihe 
different halides 

Basic Lead Iodides. — Various basic lead iodides ha\ e been deseiibed ; 
they are fornusl by the action of ])otassinin lodidi' solid ion on lead 
hy(lro\ide, or of alkali hydroxide or aniinoni.i on 1« ad iodide : 
Pbla.PhO.IT./),!^ PbL/iPbO, Pbl, PbO 211,0, “ Phi , :iPl)().IT..()J2 
Pblo.JlPbO.^IIgO,!^ 2PbIo.0Pb().2lL>0,'-^ PbL, oPhO 7ll .0,” PhU. 
6Pbb2ir20d^ 

The basic ehlorioduh' PbTg. PbCIg.PbO, which has been juvpared 
artihciallvd'* occurs as the niiiuTal .sclixcaizcnho^filc. 

Lead Tetra-iodide do<‘s not (‘xist, bid llu' (pnnoline double salt 
(Cj,ll7iMl)2PbIrt has be(‘n prepan'd bv Ireidiiig Ihe corKsponding 
chloride with jiolassium iodid(‘, Ihoiigh doubi lias be« n raised whether 
this coiupoiind is really a derivative of (jiiadi i\ aleid h .id or a })oly- 
iodide of the bivalent nielal.*’ The pyridine sail (C-^lI-^XlIj^Pbl^ also 
exists. 

Lead lodate, Pb(l())) 2 , is precipitated as a wdidi' powdi i wIk'Ii 
alkali lodale is added to lead nil rat(‘ solution. When he aled it e\olv(‘S 
iodiiU‘ and oxygen, and leaves a mixlun* of lead iodid(‘ and oxide. 
Lead iodale is one of lla* numerous \<tv shgldh soliibh* salts wliose 
solubilities in w’ater ha\e been deduced by Kohlraiisch from the 

' Boitiu'lot, dN« ('/mn Phif'f , ISSI, [\], 23, S.") 

“ Mohiuci, J/ui ('film iVn/v , ISUT, |\ii|, 12, ’i7t 

® IJoi^oioclnki, ./ /iMA-f Chun 1S‘M, 26, IMO 

* Ili'itv, Amtr Chun J , IS92, 14, 107, IS'.Ki, 18, -MH) , Wdb, Zuts<h nnuij Chun.t 

1893,3,1^5 

® SchiomcTinala’i.'^, Chun, 1892, 9, .^7 , 10, 477 

® WoUm, Zuff>(h nnoiq Chun , 1893, 128 

’ Wells and Wheeler, Zuinrh nnov) ('hftn , 1893, 3, 204 

® Heine, J. l^hif^'cul Chan , 1912, 16, 373. 

• Thomas, Cornpt tend^ 1898, 126, 1349 
Fon'/es-iliacon, Jinll Hor rhitn , 1897, [ml, 17, 31(>. 

Herty and Hogirs, J, Amu. Chun ,SV>r , 1897, 19, 820; Tin, mas, Hull Soi ch^ni.f 
'1898, full, I9i 5118; (-'ompt. rewl, 1899, 128, 123t and 1329; Monkemeyer, Zcihch. 
Knj^l. J/in., 1908, 45, h09. 

Stioinlmlm, Zuhth nnorq Chem , 1904, 38, 429. 
w Kuhn, Arrh. Pfmrni., 1817, [ill, 50, 281 
Ditto, Com Jit ruid , 1882, 94, 1189 

1® Bertrand, linll. Soc. min. de France, 1881, 4; l^iotzel, Pingl poly. J., 1808, ^ ^ 
190, 42, 

1® Classen and Zahorski, Zut&ch. anorg. Chem., 1893, 4, lOO. 

Elbs and Nubling, Zeitsch. EkktrorJiem., 1903, 9, 770. 

' Rammelsberg, Fogg. Annalen, 1838, 44, 545. 

•'mi^Kohlrausch, Zeilach. physikal Chem , 1904, 50, 355 
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thil T hi i><'I>ilicms. It is ammlini{ly foiiad 

mi( 'ri ■■■“'■'I C. .■.>i,l,.ins O-OllTl-mn, of 

. , i: ul I "h T IMS 1,,...,, pr..,mral 

1 oin .Mi.l mmImmm kuI.iI, M.I.ihnn, nr 1>\ (|,r ..u.|i(>n 

llad"pi‘^ !t'T ' '"l' - MSI., lime p.m.I.M 

v,hs„rn ""'V '','"-1* "M\ I- I..MI,I,.I :,s l,„s». s.,lls, or 

SiiHs^ol pij|\ h.isic piimdic .iculs 

mrl'si'..,r''n"'""'r' 

(I. (■ " I '•“"'''■‘"‘"''•'l,l<•l,,(I■\sl ill 111 will, h li, .iKiil, 111 , ■(! 

• 'i i",i '» "I I'-'dv 

j\c<.M(l„^r|„ Kiiii,i„„s,'I„,«,m,. ,1 u,.„|„.,|K lovMis a.iln a|':> 7 ,V'C 

ii.iMMir 111,- ,i„K \<ii..« -..pi.o, ,,,,.1 ,1 „ 

\(Tl,<l IMllI 111. ,.,| s,,I| pi, (10,1, I, \ ,„„1„„!,„,| l„,,|M,., UltJ, 

cone. Mil. It,. I ml 1 1 C .•i,i<l ' - i 

Cmlilli ' li.c, „l,l„iM,,| mil,., ,||||,|,„| I,, III,., 

obsm.i I,,. „|,i.,m, ,1 |,\ ,i,|,|i„., ,|||,,|, I,,. „|,| „|- 

Ic.Ml .-i,-, l.il,, l„ , s„|„i,.,„„ci|„ sill K.llll), I., 1,1,1, 1, |l„. r,„m,i|,, 

1 X) u,is (I Uy li.minH Isl-. i.f. i. IMdIlO • mikI 

(Ins 111,,,, l„.,i,,| |„ i:!o ,i„ i-„|,K||„ iM , ,1 

i.;(lp.,ii.|.-i T „ 1,1,1,., I,, I mil Pl.llK), II ,0 , , l.„-„„ ,| u |„ „ :, 

Ol p, "'MK' -K'l'l Is „l.li ,1 l(,., llllul, .,,1,1 s,.|„||,,„ ,,|- I, .1,1 I I,,. 

iiml til, 1110,1 I. Mill, r,<>i,i ||„ pi,,|,„,,r, ,1 |„ ,|ii,,, ,,| 1*1,1110 mill 

M.lIlT I, , sill, III, S.,ll Pl.,l,0,„ 11,0. „,„l,,-l,|,- of 

ivntcr l<-,s III.,, I i;„iiii,i, IsIm ,.j s sill, is pi,,l,,,l,|i |>|,|ii() 

IS Ik .ill (1 111 ilihilc iiiiiic ^^0, j, h^dioxuli 


LK\I) AM) OXMiKN 

L(a(l lorm-, .i siihoxidc, PI)/), winch d,„s nnl unt usi- lo jiny 
sails, and Iwn rund.inn iilal oxidis, |>I»() .„id IM.O, 'I’li, rmini-i of 
IIksi is hii-sic .(lid .dsn I'm l,|\ .icidic, Hu |.,M( i ii’li.liiv .Kidicniid 
l(.(l)l\ b.iMc hill IS ,ihlc also In i.jicl .is .i l».'s|c p. inxidi 'I'hcso 
Iwi) (»\id(s .dsn etnidnne In-r. Him In fniin muh])!. \ ni s(<-niidary 
oMdts wliicli aic s.dls. tiPhO dPhO. ni PI, (),. IM)(). PhO , nr Ph.O 
;)P])() -JPhO^ nr Pl) 0 -, .ii.d ‘jPhO PhO. pi,(), r\u inniioMdc 
PhO IS kiinwii III ddhitid rnmis ns IiHmim .ind iii;issicn| ; Hie oxide 
Pl)..(), IS niiiiiiiMi ni K d I( .id 

Lead Suboxide, PI)/) Pei/' Inis lns,l nhs<i\td Hi.d whin lead 
is li( ail'd hi low ils iiK lliii'x-jMunl in Hu an ilssiiilni hi ennn s eo\ ired 
willi a \ lilin, wlnrh .ippi.irs In he Ihe siihoxide f| was lalcT 
disroM'rid hv J)nlnii«r dial wIimi le.id nx.d.ih is Iwahil (n ;}()()'' (!. 
out of coMl.-icl wiHiairil mi Ids (Ik siihnMde 1 )v Hie r< .icl inn 
2Phc.,()^ Ph./) ! ;K(), f (o. 

Later ()])ser\ ers thnnifhl this ])indncl w.is ineidv a nnxliin' of lead 
monoxide and nn*lallic lead: hnl T.uial.ir'' has pin\(d that tlu* snb- 

•''StTiiinliolin , anoni (’hnn . IMOI, 38, »»» 

“ I’.iiiiini-Isijrii;. I'aqq Anmiltfi, J.S'lS, 4.J, .11.1, ISH. 52, % 

® KimiiTiiiH, 7 '/>i//n Chill} Mir, ISS‘», 1J5, Ijs 

‘ CJiolilli, (inz-dta, 32, 11, .‘{to 

• Wiakclljlcch, ./. prnkl Chnn , l.S’17 '221 , Man'ocn , Hull Sor rhim , 1872, 144. 

• Tun.ittir, Zfi/Wi (inorq ('/nm,\W)l 27. !I0I 
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oxide is undoubtedly formed by the above reaction, carried out iti^' 
an atmosphere of carbon dioxide or nitrogen, provided the temperature 
is kcj)t as low as possible. The prodiicl is then a greyish black powder 
of densitv S-:{4‘2 at 18° C., whieli is unaltered by (Iry air or water, but 
is converled into the monoxide and nulallic lead by dilute acids and 
alkalis. AIoKover, lh(‘ In al of solution of 1 grarn-molecule of this 
substance in acelie acid is 10,0 bS calories, whilst that of 1 grain-niolccule 
of lead monoxide* is I.'Jj.'jOO calorics. If, however, the ti'inpcratiire at 
which lead oxalate is decomposed is too high, a gre\ish green product 
results w'hose molecular heat of solution in acetic acid is 15,500 calories. 
This product must, therefore, be a mixture of lead monoxide and 
lead, into wliieli the suboxide is dieoinjiosed at liigh temperature with* 
absoiptioii of 5,1‘52 calori(‘s. 

The siilioxide is also form(‘d by the reduction of tin* monoxide by 
liydrogeii ^ at a tenipi'rature not exceeding 285° C. FurLlier proof 
that the dark grey powder is not a mixture of h‘ad moiicixide and lead 
is furnished by (he fact that mercury dissolves no lead from it, nor 
sugar solution any h‘ad monoxidi*. After the pow'diT has been sufli- 
eiently lu‘at{‘rl, )iow<‘ver, sugai solution extracts lead monoxide from 
it, lea\ing metallic lead Ixliind. 

Lead Monoxide (Ld/ir/ige, Massuol), PbO. — 'fins oxide has been 
know’ll from antiquity, smee it is formed as a seiim on the surface of 
molten lead. If this scum is eoidiniioiisly r(*mo\ed, so that a fresh 
surface of the molten nu'tal is oxidised, a y(*llowish guy powder may 
be collected, which is a inixlure of IIk* oxide and tin* (inely divided 
metal. If this powder is further roasted, it is converted into a 
yellowish red form of lead oxide know’ii as niusaicot. When th(‘ tein- 
pcratiiri' at w'liieh tlu‘ oxidation of the molten nu'lal is so high that the 
oxide fuses, tlie solidili<‘d product, w’hicli is scaly, is calh'd litharge. 
This form of tlie oxide is obtained in tin* process of eiipellation, by 
which silver is won from argentiferous lead ; hence the nanie.- 

The saiiK* oxide is produced when lead-vapour burns in the air ; 
formed in this way it has been called ./hnc.v plumbi. Lead monoxide 
occurs crystalhs(‘d m rhombic oelahedra in a mineral found near Vera 
Cruz; similar ervslals are foimed wh(‘U litharge' is allowed to cool 
slowly ; they also occur sometimes as a d(‘])osit m lead furnaces. 

According to the coiidilioiis of its formation lead oxide varies in 
colour from leiiioii-yellow’ to red or yellowish brow’ii. Thus when red 
lead has been heatetl in a hard glass tube for the jireparation of oxygen, 
the residue of monoxide is lemon-yellow in colour; and w’hen lead 
hydroxide is lioiU'd with a 10 ])cr cent, sodium hydroxide solution, 
a light yellow’ modification of the oxide is jiroduced, wliilsl with a 
very concentrated solution a red modification results.^ 

The different forms of lead monoxide have been investigated by 
Jluer,* who finds that tlu' ]mrc oxide of a brow’iiish yellow colour 
becomes light yellow’ when heated 1o about 020° C. and allowed to 
cool, again becomes brownish yellow on prolonged rubbing with con- 
siderable pressure m a mortar, but returns to the yellow colour when 
the heating and cooling arc repeated. Kuer has further found that 

^ (Uascr, Zeihrh anorg. Chrm , 190;»’, 36 , 1. 

* stone, « silver. 

® Geuther, AnnalpUt 1883, 219 , 66 . 

' llucr, Znl&ch. anorg. Chem,. 1900, 50 , 265. 



JLEAD AND ITS COMPOUNDS 461 

Geuther’s rod oxide can be changed into the yellow form by prolonged • 
heating at 700 C. ; and he suggests that the yellow form is stable 
above G‘20'’ C., but iinst.ibh' below it. and ginduallN elianges into the \ 
more stable brownish yi How form, this eh.ing<‘ 1 m ing aeeeh rated by 
friction and pic'ssnn*. The mIIow hum of Ihe «»\ide is eonsuhu'abl}' 
more soluble in watiT than Ihe ltd fiuni It is uneeit.iin whellier or 
not the brownish yellow’ oxkK* is idtniuMl wilh (iiulhir’s icil ovidi* ; 
tho^foinuM is luou' soluble in wali*r than iln l.illii, bul this ma\ be 
due to admixluie of IIk m How o\idt . 

The (lensitN of lh(‘ yt How oxide is 1) .“iO lo 9 .-jL' ‘ oi 9 ‘JS to O-HO.® 
that ol Ihe hghb r red oxule being 9 2S N)i S7I l«)9 I’Ik* iiiell ing- 

])oiiit of till’ oxid(‘ lies'* belwei'ii Silo’ (*. and iMHl' (' , ils nioh eular 
heat of formalion is .>(),.‘t00 ealoiu’s ^ or .">(), son e.doii. s * 

Lead nionoxidi' is I’asily ri'diu'id lo im i.d b\ n.uioii'. lediieing • 
agents, such as h\drogen. carbon nioni»\ide, polassiiim i'\.u)ide. carbon, 
and (Ml bull's. 'I’lie ri'duel ion of llu oxide b\ naelion wilh Ihe sulphide 
has ah eadv b( I M noticed iiiuh i Ihe ni(l.iHuig\ ol li id Aeeordmg lo 
Glasi'r,® PbO is ri’dueid b\ ludiogi n lo Pb^O .il iM 1 C . and to luelal 
aboM' ■ C. ; whilst a limpiiatuie abo\i .“>00 (' is meissaiv for 

rediielion of the oxide to nu I d b\ e.iibon luonoxidt Clii iniealK , 
lead nionoxidi' is an amphoteiie oxid« , lhal is lo sn\ il dissobis in 
acids as a liasie oxidi*, and in alkalis as an aiulie oxidi 'I'his oxiih' 
reads with aiiinioniuin ehloiidi’, pHuliu'ing a basic eliloiidi' and 
ammonia, aeooiding to the reaction * 

PbO ) MI,('l Pb(()ll)( I i Ml,, 


the pressure^ of the ammonia e\ol\(d is ,i funehon of Ihe l< mperalure 
and leaeJies one almospheri' at about C Win n bo.’id \Mth sodium 
chloride solution lead oxide piodiieis a basic li ad elilniule and eaiislic 
soda; this n action is tlie found. ilum of Selu eh \ pioeiss of alkali 
manufaeture. 'riu-. oxidi* will dissohi in a sohilion of sucrose, ('sp(‘- 
cially 111 pn sene<‘ of alkali, and ma\ be sip.iiatid fioiii sonu' other 
oxidi’s, eg aiseiiious oxuh b\ this means. 

Lilharge is iisi'd m llie aits in the manufaeliin of iliiil glass, and 
for glnyang eai I ln’iiwari' , also foi making nil Had, wliih lead, and 
various salts of 1< ad, and ,is a diier lor painbis oils, sueli as liiisi'id 
oil, the si'lling of which, bi mg due lo oxidalion, is aeeilnated by 
litharge and cerlam other nu t.dlie oxiihs 

Commercial hlliarge mav eonl.iin as impuiitus non and copper 
oxides, as wi'll as carbon dioxide and wal< i absoibi d fioiii Ihe air. 

Lead Hydroxides. -Two forms of lead h\ dioxide are known: 
2Pb0.11 .0 or PbAOll).,, and .SlMiO 11,0 oi Pb ,(),(()Ii), , Ihe ortho- 
hydroxide, Pl)(0lf)2, appeals lo Im unknown in the solid slate 


* Jlui'i, Zntsdi tiimn/ , 1‘KMi, 50, J(> • 

® GcutluT, Ami'ilfTi, ISSU, 2ig, oU 

® Kiut ifiul (S;j.')’(0; l>n«'lt'/. amt It ('lUh (’). Mtlntlimiii', IHDT, 4, -89; 

Mostowitsoh (KSr V ), M.lalhnqo, 1907, 4, (517 . SdM'mk aii.l l.n li (879’ (! ). Her., 
1907, 40, 21 S."), 2917 . 1908, 41, 2917 
. * Tlioinhon, ./ intdl ('hem , 1S7'>, [11 1. 12, 18, 8I1 

6 Defthc'lot, A?ifi ('/i>m Phn , 1S7‘{, [a] 30, 191 
’ ® Glaser, Z' anorq Chun, I9i)‘J, 36, l.J 

’ SchrnirdriflmiiOi'ii .nul l».iiTel,*Go»7>»/ runl , 18'»') 12S, .'jin 
« Isambert, Comyl rend , 188(5, 102, l.‘Jn ; bco also O de ( 01 
Acad. roy. Bdq , 1907, 713, 80(1 

» Babd and Wittci, Chnn. Zentr , 1908, i 18(i3 

VOL. V • 


' ConiiKk ami Ar/alier. Bull 



5^;^ Pb20(0H)2 is formed by the Action of water Containing dlss^iiT^ 

oxygen on metallic lead; by precipitating lead acetate or other lead^ 
salt solution by alkali hydroxide or ammonia ^ ; and also by allowing 
a solution of lead oxide in polassiiim hydroxide to stand in the air, 
when the absorbed carbon dioxnle disjihiees hydrated lead oxide from 
combination with alkali, so lhal Pb.,()(()II )2 separates in cpiadratic 
crystals. 2 

Pb;j()jj(()TI )2 is prepared ^ from the corresjuinding basic acetate, 
Pb202(C2ll302)2, by mixing its saiuraled acpieons solution \(iith 
ammonia, and allowing the solution to stand at 2.‘;°-3()° C., with careful 
exclusion of air. The hydroxide then sejiarali's in shining octahedra, 
A product of the sann* composition is obtained by juvcipitaling a lead'’ 
salt solution with caiisfic alkali, and drying the precipitate at 100° C.,^ 
and also by pr(‘ci])itating a l(‘ad salt i\ith hnrvtM water at atmospheric 
tcmpiTature. 

Lead hydroxide* is disimetly soliibK* in A\al(T, to uhieh it imparts 
an alkaline reaction. A saturated solution of Pb 3 ().,(()II )2 at 18° C. 
contains, according to Pleissuer,^ 100-,5 in.g. PhO per liln*. liner® has 
found, by the condiietivity nu thod, that the solubilities iin\atei at‘22°C. 
of th(‘ various forms of lead oxide, with the (xecpliou of (h'ullu r’s red 
oxide which is les> soluble. liebetweiulOOx 10* and I 12x10-* gram- 
cquivaleiits per litre; whilst Her/’ has ealeiihited llu* soluliihtv of lead ' 
hydroxide at 25° (‘. to be 0 98 x lO-'k At 180 V. h ad hvilroxidi* loses 
all its water, being converted into the oxuh*. 

It has alrcadv been stated that lead monoxide is an airipliotcric 
oxide; thus the hydioxidc bi“havcs both as a w(‘ak base and a weak; 
acid. 

It is ])ossihle that in a solution of lead hydroxide in water, which 
is alkaline in reaction and th(‘refore contains hydroxyl ions, ionisation 
has proceeded in two stages, thus • 

(1) Pb(OIl)2r- Pl,(OIl)* -! OH' 

(2) Ph(OH)- , -Pb - H-Oir. 


From the work of Ihrl and AiisU'i v\i il,® ho^^ev(T, it appears that only, 
the first reaction is to be considered as taking jilaei*, and that ionisation 
has proceeded to the extent of about 28 per cent. The same authors 
have determined the sohibilitv of lead oxide in sodium hydroxide 
solutions of different concentrations and 1(‘m}>eraliiris, and conclude 
that when tin* alkali solution is below normal strength the sodium salt 
IIPbOONa of the monobasic acid HPhOOH is iiroduced in solution, 
but that vith more concintrated alkali solutions the sodium salt 
,Pb(ONa )2 of the dibasic acid Ph(OH )2 is foim<‘d to some extent. Thus, 
towards weak alkalis lead hydroxide behaves as if it were ionised 
thus : 

Pb(OII)2 PbOgir + H’ ; 


_ * SchaffrK’r, Ann. Cliem , 1S44, 51 , 175. 

^ ® Ludfknitr, Amer. Clwm. J , 1891, 13, 120 

• Pavon, Ann. f'him Phyn., 1837, [n], 66, 40 , 1860, [iv], 8, 302 

* Mulder, J ptftkt. r/irm , 1870. 19, 70 

‘ Pleisanct, AtbeUen Kaif,€rl. Gcaundheitsnmte, 1007, 26, 384: seo also Chm. Zenit 
■1907, [u], 10.V) , • 

Rupr. Zntnrh anorg Chnn , 1900, 50, 273. 

Horz, Zrttsfh. anorg. (Jhem , 1910, 68, 421. 

Perl and Austerweil, Zeitsch Ehktrocliem , 1907, 13, 165. 
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and the dissocintion constant of this acid at 18® C. is found to Ife’l 
1*1 X whicli sliuus lead ludro\id(‘ to ])o a weaker acid than 

phenol. 

Ilantzsch,^ howesii, finds no (\nl<n(s fli.il liydioxulcs of the type 
M( 0 I 1)2 ean l)i lj.i\e .is dili.isK* .n ids, and iM^aids lluir sails as always 
derived from .leids of the fornne .leid Ispe lIMOOll. Mon'o^r, he 
has shu^^^ that llu li\dio\id<s «>f kail, lin, and I'nm.ininm aie feeble 
acids whos(‘ sliin^lhs nua’e.isi* m tin* oidii in wlneli Ihe inelids arc 
named. 

Lead monoxide dissolvis m Ima .ind h.iixl.i w.ihi*. Ibiniinij velloxv 
solutions, and .dso in sIkhilj solnhoiis of e.di*inm and slionfmin 
chloiid(‘. Lead huhoxidi* eonihnas willi poK ii\ di a* alcohols aiul 
hy<h'oxy-(*arl)o\\ he aiads lo Ibini <‘omple\ eomponnds m solnlioii in 
whicli the le.ul IS \ti\ littli n>nis(d.“ Alkali plmnlnli si»lnlion is nsi'd 
as a moidanl in eol ion dx i nu^r 

Lead Dioxide (Lon/ /^/l mlr, Piiti-rolound ()ii(h of Lend). PhO,. 

This oxide oi'eiiis nalni.dlx <is i>hiHnnifi\ (ixslallisid in liexaj'oiial 
prisms, aixl ni.iv lx ohLnmd ai lilieiailx in si\-sided lahkls, ll was 
diseox<ri’d 1>X' Seh< < le, xxMio found lhal ikI had is inriK'd blown by 
clilorine w.ihi , Piicslk'x iiolusd llial niliie aiad sinnlaily ehiinges 
red lead, Inil Ihonsl and N'aiapalin ‘ win llu liisl lo ('\amine Ihis 
compound sx sleinalu allx 

Prepat all (HI. - la'ad dioxule max be piip.iod in manv x\a\s U 
may be oblamed fioin lh(‘ inonoxuk , from had sails, oi fiom real 
lead by tlie aelion upon Hum ol (hloiiiu' or bioinine w.der, pri ferably 
m piesenee of alkali, bx fiisiiej lilhaini* willi polassinm eliloiah*, or 
by oxidising ll xvilli alkaliiu' p( miaiuMiiab oi polassinm b 1 1 lex anide ; 
also by*lhe aelioii ol o/oiu* (Selionlu m) hxdioo«n peroxide,'^ and piT- 
siilphales on le.ul sails, as will as bx 1hi‘ hxdiolxsis of jilnmbie sails. 
An iiit(‘restinn t'xample of Ibis lalbi iiaelion is shown bv dissolvmfj 
red lead m nl.ieial .u*( lie acid .md llu n poniiiu/ llu* solid ion inlo wafer. 
Hed lead is a eomponnd of FbO aiul IMiO^, and ils solid ion in nlaeial 
aeetic aeid eonlains le.id di- and b I la-.iei l.d» s llu lallii of which is 
h^drolysld bx w.der, xxilli pneipdalion ol llu dioxidi* If nd lead 
is dij;<'sled w'llh dilule nil iie ,ieid d doi s no! di'solx* as a wliole, because 
phinibie iiilrale is nol foriiud 'I’lu nsnil is, lluiefore, Ihe foirnalion 
of lead dindiale m sohdion wdh st |).ii.ilion of Ihe dio\id<‘, llins : 


‘2Pb(),Pb(), -1- IIIXO, ‘2Pb(\(),). I PbO^ I ‘21I.A 

Another impoilant method of oblainimr bad ixioxidi is by electro- 
lytic oxidation, so that it seji.uales al tiu aiuxk' when a snitablr* lead 
solution IS ( leelrolvsed. hen ileeliolxsis lakes place- m alkaline 
solution Ihe erxsl.dline hvdrab IIJM.O, is d( posdeel, when m neutral 
or acid solulion Ihe anhxdnde is oblauud, and ds Mjiaraiion serves 
to estimate lead electiolx lieallx laad dioxide is also prejiared by 
the electrolysis of a solulion of sednmi ehloiide m wliieh the monoxide 
is suspended.^’ The- sodium hx dioxide formed bx ileetroKsis dissolves 


* Haiitzsrli, // fmotfi 

lt[ahli'nbf'r{r. // (fmn, |s‘)“), 17, »7i 

® Vaunuolm. Ann ('him Vhifb , 1S(»7, |ij. 62, JJI 

• bS pm Man , ISTtl.lO 7, ,hxm . 101.3, [ivl, 13. 61. 

® Wolraan. Zeiiirh Elvllrnrlnm , lS'>7. 3 , .7.37 ; BijII.imI Compl rrnd , 100,3, 136, 229; 
Sand, Trans. Farad , 1010, 5, 207 , m n > 

- 0 Cliemischo Fabnk (iiu-ahtMiu-Klektnai, 12t,.7I2 • 
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tie lead oxide forming plumLite, and this is then oxidised^ by the ' ^ , 
hypochlorite present with precipitation of the dioxide. '' ' 

Colloidal, hydrated, load dioxide is formed by the hydrolysis of 
ammonium phimbiehloridc by much water, thus : 

(NllJaPbClfi + 4 II 2 O - Pb(()Il)4 -f- tlK'l -1 l2NII,n ; 

, the solulion, which is brown, is unstable, and soon becomes colourless 
on account of the reaction : 

Pb(OII), f 4ITC1 = PbCI, ^ CI 2 ^ 4 II 2 O .1 

Lead dioxide is prepared comnu^reially by th(‘ method of Liebig and 
Wohler, which consists in fusing t parts of litharge with 1 of potassium'* 
chlorate and 8 of nitre; and also by a moilirn process in which lead 
sulphate is mixed with magm^sia. and the mixture is suspi'iided in hot 
water and treated with chlorine - : 

PbSO^ H- MgO = PbO H MgSO^ ; PbO + MgO + Clg - PliO^ + MgCl^. 

P)opeHies . — Lead dioxide, which is called puei-coloured oxide, is 
perhaps more accurately described as choeolate-colouri'd. In its 
natural form it is a brow'ii or grey er\stalliiu‘ ])()wd(r which has a 
density of 9-30 to O-ta. The density of tlie synthetic sulistaiice lies 
between 8-9() and 9 10. Its molecular heat of formation from lead 
monoxide is 12,100® or 10,100'’ calorics, corri'sjioiulmg to a heat of 
formation from its ch nicnts of 02,100 or 00,100 ealori(‘s. 

Lead dioxide is ehiclly emjiloyed m th(‘ eluameal laboratory, and x 
in the arts, as an oxidising agent. ^Vlu‘n it is heated above 310® C. 
it loses half its oxvgcn and is coiuerled into th(‘ monoxide ; at a lowxr 
temperature, how(‘ver, under the intlmnce of sunlight it yields red 
lead, PI) ; but, according to llcinders and Hamburger,® red lead 
is not formed wIkmi lead dioxide is hcabd. WIu'ii the dioxide is 
triturated with red ])hosphonis or sulphide of })hosphorus th(‘ mixture 
inflames; on this aeeouni it is used in making Sw'idish matches; 
when it is rubbed with ordinarv phosphorus an exjilosion takes place. 
Lead dioxide eomhines sjionlaneously w’ltli suljihur dioxide gas, becom- 
ing red hot and forming lead sul])hate ; wlu'ii, howi'ver, it is siisjiendcd' 
in sulphurous acid solution the following reactions tal«‘ ])laee ® : 

(1) PbO^ -fSOg -PbSO, +0. 

(2) SOj + O 4- II2O - TI2SO4 

(3) Pbso, +ir 2 SO, Pbso, 1 ir^so^. 

The dioxide likewise combines quant itHli\ely with iiitrogm peroxide 
to form lead nitrate, and also oxidises ammonia with production of 
the same salt. Hydrochloric acid is oxidisixl when hfiiled with lead 
dioxide, with liberation of chlorine, winch may he ])assed into potassium 
iodide solution ; the dioxide may then be estimated by the titration 
of the liberated iodine. Probably some lead tetrachloride is formed 
in this reaction and decomposed again by heat. 

^ Gutbier and iSaupr, (Jhem I ml Kolloidr, 12 , 17 J 

* Tridprick, Mallet, and Guyc, 3fon .menf., 1006, [iv], 20 , u, 514 

® I’Bcheltzow, Comfft rend., 1885, 100 , 1458 • 

* Stremtz, Wied. Annalen, 1894, 53 , 698! 

® Reindere and Hamburger, ZeiUch anorg. Chem., 1914, 89 , 71. 

Marino, Zeitsch. aiwrg. Chem., 1908, 56 , 233. 
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Lead dioxide oxidises chromic hydroxide in presence of alkali ^ 
chromate, and from the yellow solution kad ehromaLe may bo pre* 
cipit;il(‘d by aei lie acid . i( also oxulises a m.mtjanoiis salt m ])resence ' 
of nilrie aeid to peiman^an.ite , Ixilh IIum uaelions arc em[)I()yefl 
in qualitati\e anaKsis Phosphoiiis liiehltn ulr \\lu*n warmed reacts 
vjj^orously with lead dioxidi*, k.ul phospli.ili, pliospliorN 1 ehloiuK' and 
lead chloride lx imlj foinud, .md li\ po|>hos|>lioi(»iis aeid m aqiu'Oiis 
bolMlion products ksid phos[>hat(“. 

JIydro<,^ n pt loxide m iieulrd solulmn is d«eomposed (Mtalytieally 
by leatl dioxide, hut m aenl stiluluni a <|iia'dil.di\ e leaction lakis 
plaee lluis- 

PbO, d 11,0, I 211N(), 1M>(\().), I 211,0 I (),; 

so that le.id mav be (shmaltd b\ tilialKHt with b\dn'inii peroxidt * 
sohilioii .ifli r oxidation to dn»\idt b\ biomme m pi(s«ii(« of alkidid 
Oxalic a(“id in pr< m net of mliie.ieul is ,ilso osidisi d loe.iibon dioxide 
and wait r 1)\ k at! p( loxuli , anti I Ins it act ion st i \ t s for tin* \ tiinmt I rie 
eslimalitm oi this kiltir snbslanet 

Lt ad tlioxitie is ndnettl 1)\ li\tlroi;ui. the ittlneiitm bt^rnmniir at 
1H!) (\ anti Nieltlinir It atl mon<»\iile. wliieli is not fnitliti letlnettl till 
the tem])tiatnre is i. lift'd It) 211 (’ - (ailxm n duets kail ilioxitk* 

at 2(i()' C. ; (Ml bon monoxitle combines with it at SO t' , I’oimm^^ lead 
carbonate. Ltatl ptitixitk*, eillier mtnsl or tliN, lMows wlun li\ dioj^^ii 
sulphide yas is passt d over it, and the ^ms bin ns with a eliaiaelensi le 
cad llame * 

Lt ad tiioxitk' is M)lnl)le in watti to the miniiltsi txlinl ; it is 
(listmellv moie solnblt in niiin lal aeitls, pnsimiablv willi tlie Ibima- 
tion of* jilumbie sails, rndt i no contlilioiis tltxs it list* to 

liydrt)^( n juioxitle, anti Ibis mav be laki n lo show that il is not a 
supert)\itle lik< baiinm ditixitk, but a polvo\nle, that is a (‘t)m|)oiind 
of tjuadnv <denl k atl, liavint; the eonslilnlion O Pb O. 

Like k‘ad mtumvide. tin* tln»\itk is an amplioltiie oxitle, but m 
accordance wilb llu laieti pioptiilitm of tiwi^tn it eonlains its basic 
properlK's .iie very ft < ble, wliilsl its aeitlie jiioptilns an* more pio- 
iionnced tlum ait* tlit*se of tlit* monoxiik din plnmbalt's vmII bt 
ctinsidered here. I lie pimnbie o\\ -salts snbsMjntnIlv Aeeoidm*: to 
Pelliicci and Paiiav.ino,^ Hare ait* lliiee Ivpts of pinmbales as uell 
as of plalinates aiul slannalts 11(011), ,X,, |{(()\)^, and 1 { 0 ( 0 X) 2 , 
derived frtmi the ortho- t)r mela-acitls, I Inis . 

11(011), -12X011 l{(OIIl„X. 

11(011), I 2X011 IKOX), ! 2ll,0. 

110(011), ( 2X011 l{()(OX), 2II,0. 

Plumbic Acids— Of tilt tlntt tv pt sof plimibie aeitl mdieattd above, 
H.,[Pb(OII)fli mav possiblv i*\isl, Pb(Oll), is unknown, but ll^PbOg 
has been pit pareil. 

Hexahydroxyplumbic Acid, H Jl’b(011)fl|, and its Salts. VVlum 
dilute acetic aeitl is ad(k*d tt) a stdiilitin of polassmm plmnbale cooled • 
with* ice, a floeciilent pucipilate separates which is lighter in colour 

• SchloHsberg, anal C7<c?m , 1902, 41, 7:tj 

• Glaser, ZcifitrA anorg Chm t Wi 

> Vanino anti Hauser, B^r , 1900, 33, 025 

• Bellucci^and Paira\anti, (iazzHkt, I9u5, 35, 11, 500 



U*ven Jtlian ferric hydroxide. It gradually turns browp, however, atw^ 
' ^yhcn dried in the air produces lead dioxide. This precipitate may 
H2[Pb(OII)8l, because potassium jilumbate, from which it is derived,-* 
is believed to be Kn[Pb(OIl)6l. 

Colloidal Plumbic Acid is oblaiued by the dialysis of potassium ' 


plunibiite solution, which is coiujiletely hydrolysed at ordinary atmos- 
pheric lemjiei’titure into PbO^.Aci *2K01I.^ The hydrosol finally 
obtained, which contains PbOg and KoO in the ratio 08-1. ‘3 : 1-87, may 
be filtered, boiled, evaporated to a syrup, and again dissohcd in water. 
The small amount of potash pr(‘sent- -the “ Solbildncr " — is of the 
same order as the amounts of hydroehloru* acid ueci'ssary for the 
existence of tlie hydrosols of aluinmium, eluomie and ferric hydroxides. 

Potassium Plumbate, KaPhOs '^H KiiPh(OII)6, w^as prepared 
by Fremy “ and Seidel,^ and snl)se(]iu‘ntlv hy liellueci and Parra vano,* 
who heated 100 grams of potassium hydroxidi* in a silver dish, with 
20-80 grains of w'ater, and added as nmeh h'ad dioxide, made into a 
paste with w’ater, as w’ould dissoh**. The filteri'd solution w'as then 
evaporated in iwuo over siilphiirie acid, when colourless, rliombohedral 
crystals w'erc obtained, which w'cre isomorphoiis with pt>l<\ssiiim stiiiuiatc 
and platiiiate. This salt is beluved to ha\(‘ its water intimately 
combined, and not simply as w^ater of eryslallisation, both on account 
of its isomorpliism w'ith the similarly const it uted si annate and platinatc, 
and because the w'atiT cannot Ik* driven oJl‘ at 100'" C., but is only set 
free w'heii the salt is strongly heated so as to undergo the following 
change : 

KaPh(On)6 - 2KOII + PbO -I- 0 + 2II3O. 


To sodium plumbale Tlolmel ® altiibuted the formula Na2Pl>O.j.0ll2O » 
but, according to Hellucei and PaiTa\ano, thi'n* is no suirieieiil reason 
for supposing that its constitution diffiTs fn)m that of the ])otassium 
salt. 

By measun'iiunts of electric couductivily, and degret* of liydrolysis 
of ethyl acetate, P.irravano and Caleagni ® ha\ e determined th(' extent 
to which potassium ))lumbate is hydrolysed in acpuoiis solution ; and 
they find that whilst a eoiieentrated solution contains a small proportion 
of uiideconiposed salt, the amount of this diminishes on dilution ; and 

that in a ^ molecular solution all the pluinbati' lias been resolved 
10t*9 

into alkali and colloidal plumbic acid. The series lead, silicon, tin', 
represents the order of increasing aenlity of these elements. 7 

Lead Plumbate. — A hydrate of lead sesfpiioxidc, which probablj^ 
has the constitiiLioii PbfPb^OII)^], is obtained as an amorphous, orange-V 
yellow precipitate by decom])osing an alkaline solution of the monoxide 
with potassium plumbate (Bellucci and Parra vano). 

Salts of Orthoplumhic Acid Pb(OII)4.— Although orthoplumbic aeid‘ ‘ 
;'is unknown, its alkaline-earth salts have been prepared, and its lead'< 
salt is the important eomjioiiiid known as red lead. ' ' >v 

' ]3ollucci and I’armvan*), Alli U Accad. lOOti, fv|, 15 , iii 542, 631. ‘ 

• Frfmy, Ann. Chun Fhyn , 1844, [uik 12, 488., v 

* 8eidci, J, prakt. Chtm , 1879, 20, 200. - i 

* Bdlucoi and Parravano, Zeitsch, aiwrg. Chem., 1906, 50, 101, 107. • ■ 

^ Hohnol, AicJi. Pharm., iS94, 232, 222. 

• Parr^Tano and Caleagni, Qazzetla, 1907, 37 , ii, 26 
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Calcium Orthoplumbate, Ca^PbOj, is fornud by lime wfth 

lead dioxide, or with the monoxide* in prostnee of air.' This latter 
reaction is intm">liii«f, smec it is llu* presinee of .i basi* wliicli secures * 
the oxidation ol nioiioxulr eoiiiplitiJx to dioxide.- 'I’lie absorbed 
t^xy^eii IS e\ol\eil a^.'iiii whin the salt is iiiDie slioiii^dN lualeil; the 
reaction is thus a uveisibh* oiu , and it h.i^ bi i n |H'oj)<»s(d to employ 
it for absliaelmi; ow'/ui fioni flu* . 01 . .ind il n lo use the. sail as nil 
ox^dism^ ai^'enl. 'I'la ilissoei.dnm [>i<ssnii nl 1 .ileuiin plninbate lias 
been studied l)\ Le ('ha(< Ik 1 ' 

With wall 1 till eisst.dliiu li\di.iti (.i,l‘b(), 11,0 is Iniiiud. The 
salt is slalili III ail I'ni rimn (ail)oii dii»\idi , bill win 11 il u siispeiuh'd 
in w.der and lie.iliil with diiiib aeids m e.iibiin dinsidi li .nl dioxide 
scpaiales. ^ 

SLioiihnni and bainiin phinib.ihs aie siniil.u to (lie ealuwiii salt. 

Lead Orthoplumbate, Red Lead {Muhiim. Pans iinl, Safurn 
Cinnaha}), IM) (),- lMui\ .iiipi us lo b.i\i Imim .ie(|u,uiili d with this 
oxide, wlileh Ik diseiibis .i'. nnniiun. llmu'di pi(»b,ibl\ eiiinabar and 
rtd snltibide or.iisinK* wi o eimfusi d with il. OinMoiahs slabs that 
it can be obt.uiK d I'loin while |i .id ,ind (b lx 1 di seiibi « ils pii paiaiion. 

Ibd l(‘.id IS nsualls piipaiul b\ luatinir (In \<lluw, powduN foim 
of had monoxidi , known as niassieol. In dull ndiass (100 (’.) foi* 

t\venly-f<mr boms in .i n \ 1 1 lx laloi \ ruiiiais wilb .i pknlirnl air- 
supply, or in baiiel-sbapi d vissib opi n al tin 1 uds In allow of air 
circulalion. Tlie mass is fiKpienlb slimd, and s.uiipks aie n moved 
from tune to time, and .illownl l<> ennl, lo si • il I Ik piopei scarlet 
lint has lx in al iaini d. \\ iiile li ad, liowi m 1 . is Ih ipn nl b (Ik slai(m|r- 
poinl lor lh( manufaehiK of led had Ibd k ad is abo loimid when - 
lead moMo\i(l(‘ and dioxidi an li< d«d Ioi,kIIki in IIk unlit pioiiorhon, 
as well as bv hialinn l< ad monoMdi wilb mli« ' 1 '’iikI\ iIimiIkI lead ■ 
also is oxidisid spoht.un oiisK ni the <111 lo iid It ad ’ On aeioiinl of 
its Usual maniK I ot jiii |)aiation ml had is liabh lo (‘oulain the mon- 
oxide whieli has i se.iped oxidalion , Ibis mav b' 11 mo\ i d b\ n pi aledly 
din<'''lim( Ihi powdei wilb li ad aeit.ib snliitiini. 

Pure ml lead mav bi pnpand b\ lualinn had monoxide with 
potassium niliale, aeeoidmn lo tin naelion 

,}l’bO , KNO,-' rb.Oj : K\0., 


and extraetmn unehann'd monoxiih nilb had aeitati solution; or 
by heating llic dioxide and pol.issnim mlialc* to 170 ('. • 

;iPbO, I KNO, -Pb,0, ! KNO, j O,. 


and extiaelmg 11 k‘ h suiting mass with pola^siiim Indinxide or lead 
acetate solution.^* 

Red lead ervslalhses fiom fusi d nilie in small jiii^ms; and it has 
a density of S (»‘i lo DOS. AMu n this oxide is liialid il turns violet 
and then black, but ri gams its si-aihl colour on eimlmg. 'J his is an 


I Kas8iuM,.!ri/, , Is')!). 228, 10*1 IVU 232 ls‘» 2,-?, r,i»l. . 

-*Comp.iie tin; atmi.s|ili( iiii uMitiUuK <'f b ui p'* sliiuc uf nlkau, tO 

chroniato anil inanganatc • . ^ 

» Ije C'hatclxT, Comjit rend , 117, lOJ 

* Burton, Dingier' s jmhj J , J8‘>3, 167 , 3kI. 

» Schonitoin, J. praki Chm , lKr>H. 74 , 32.1 
■ * • Milbauer, Chem, ZeM , pJO, 38 , 477, 55.), u00,.687. 
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enantiotropic change, which has been studied by Le Chatclicr,^ who 
estimates the transition temperature of the two forms to be 580® C., 
whilst the melting-point of the compound is SitO'' C., and its dissociation 
pressures are : 

Temperature, ° C 415° 500° 555° C36° 

Dissociation Pre ssure, mm. llg. . 5 GO 1S3 708 

The conditions of formation of red lead from lead monoxide by the 
absorjilion of oxygen have been studied by Milbauer,- who iinds that 
this absorption winch begins at ordinary ti inperaturi' becomes sulhcient 
to be measured at 240° ('. ; that at 32(V-450'^ C., whilst the amount of 
absorption has increased the product has nol Ix come red, but is brown, 
and jnobably contains the* sesquioxidi* ; abo\e 150° C., however, 

a red colour a])])(‘ars and red lead is formed, whilst at 170° 180° C. 
100 p<T cent, of red lead is fornu'd under pressure.'^ Ibii lead is com- 
pletely decomposed at 530° i\ in a vaeuiim, but the temperature of 
complet(‘ dieompoMlioii is higher when air or oxygen is presi'id. I’lie 
curve of deeonifiosilion has breaks showing the foimation of tlu' oxides 
PbgOg, Pb/),, PbO.* 

llcmders and llamburger,"^ however, who have studied the thermal 
dissociation of red lead, according to tlu* reaction 

2Pb304 - GPbO -{- Oa, 

state that the pressure-temperature curve between 415° C. and 007° C. 
is regular. 

Dry chlorine converts red lead into lead diehloridi' and oxygen. 
Red lead is practically insolulili* m water; dilute acids deconijose 
this oxide forming a salt of bivahait had, with separation of lead 
dioxide; but wilh concentraled acids (he unslable jilumbic salts arc 
formed. For ex.iinph*, glacial acetic acid produces a mixture of the 
two acidales, thus : 

PbgO^ -f 8IIC2H3O2 - 2Pb(C2ir302).3 -f PblCgllgO..)! + 4II3O. 

According to its formula red lead should contain 31-9 per cent, of 
lead dioxide; the commercial jiroduct, however, generally contains 
about 26 per cent, of the latter oxulc ; and besides lead monoxide it 
may contain as inipuriti(‘s oxide of iron, jiow'dered hi'avy spar, and 
brick-dust, which should lie regarded as adulterants. Various methods 
arc available for the analysis of red lead ; these depend upon its oxidis- 
ing power, which is a measure of the jiroportion of lead dioxide contained 
in the specimen. The sample may be heated with hydrochloric acid, and 
the evolved chlorine passed into potassium iodide, the liberated iodine 
being titrated with thiosulphate (Bunsen) ; or tlu* iodine may be liberated 
directly from jiotassium iodide without distillation,® and similarly 
titrated. Another method depends upon the oxidation of oxalic acid 

^ Le CbatehcT, Bull >SV. cA?w., 1897, tiii1, 17, 791. 

AJiIbaucr, (7/icm. Zcit , 1909, 33, 513, 622, 950, 900 
tj^;Milbauer, Vhtm Zett , 1912, 36, 1436, 1484. 

^ Milbauer, Chem. Zeit., 1910, 34, 138, 1341 ; Brov n and Nccs, J. Ind. Eng. Chem , 
T0ia,4, 867. 

* R^indera and Hamburger, Zeitsch. anorg. Chem., 1914, 89, 71. 

( Topf, Zeikeh. ami. Chem., 1887, 26, 206. 



LEAD AND ITS COMPOUNDS 

:o carbon tlinxuU' ami waU r ])y the red leail ^ ; i xcfss of oxalic aAd 
.s Ubcd, and ^\Iiat remains is titratul with piTinanijaiuili'. 

On <iecoiml of ils lim enloiir, nd lead is used as a pniinent ; it is 4 
ilso tinploud as a einnnl lor sliam jtuiils. m tin* mamif.ielnre of 
iecondary h.ilh ms. and lor niakino Mini ;,d.«ss 

Metaplumbic Acid and its Salts. -Mtlaplmnlin aeid, 1*1)0 ,.lljjO 
jr II.,1*1)(),, IS I'omud .d tin amnh dnim^ lln (1 mIu»1\sis of a feebly 
llkahne soliilion of 1( ad Mxlmm lailiaU.- ll is a l>latk. liisl ions solid, 
liav'm»» a di‘nsil \ of <• ‘JoT 

Calcium Metaplumbate, ('• I i*h( ) ,, is lonmd wlnn I in oi Ihi'phmihate 
s di<^( st( (I \mI1i \\al< I .Old stximiii pi io\id< ‘ ll is a w hili .in slallim? 
Dowdei, winch, .K-eoulniL'’ lo an.d\si,. eonl.nns loin inohenlis ol water. 
The Sana s.ill is Loiined, nn\i d willi i.ihinin liNiliosidi. wlien 
Lla 2 Ph()^. HI.A) IS lieatid lo ‘210 ‘2.j0 C .o .is 1m lost I In* e-(piai lers 

of its wah I * 'riu' Ol I hoplninhali is K'^imiilid wian Hie nala-salt 
IS heali'tl willi lime lo aOO ('. A/Ae/ iim .mdd/ynn mftiiplumhatvs 
have hi'eii pupartd fiom (la ealennn sail ‘ 

Lead Mctaplumbate, Pl» 1*1)0 popand liom lie laleinni sall,^ 

IS iiknlieid willi /< nd .m N 7 //muf/e, IM)^(),, ' to whah Mai mo*' allnhntes 
the conslitutamal foinmla. 

IM) () 

I 

0 

1 

PI). () 


This oxide IS, howe\<r, nsnalls pnpai<d 1)\ lanfnllv addmi^ hvpo- 
ehlorili* solnlion lo a cold solillion of alkali plnml»il( ’ H ma^ also 
he olilaiiad h\ .iddmiz \<i\ dilnle ammonia lo an airlie aeid solnlion 
of r(d had, oi Iin laalnii; had inonosali <.i diosah lo .')*)() m air 
or oXN ^eii, o\\ LJ* n l)( iiiLj .ihsoi hi d oi i \ ol \ « d so I ha I 1 h () j, I he inosL 
stable pindnel al I Ins ti mpi lal nii . ina\ hi loiimd la ad si sipiioxide 
is a iiddisli \illow amorphous jiowdu whah luhiM. lowaiils aeids 
similails lo nd 1' ad. m aicoidanei wilh Hie lael Ihil il 
.phmihale. A h\dralid foim ol had sisipnoMili . to 
Parra\ano” atliihnle Hie eonslilnlional loinmia 1 lij I hlOII),,!, is 
ohlamed hy pn eipilalmir an alkalim solnlion of had monoxide with 

potassium plnnihah , , i i i>i n 

Basic Lead Plumbate.- \ l-i-liiH '»<«'<" I ./>4 

'iiul I’h () I xisls h.ixne' tin impnieal mmposilion 1 I).li 7 .oll 20 , 
which uW l)r ohlam(d«* as ail 

orang(-coloiiri<l iiowhi Iin pn e.p.latm- wilhalkah huhoMie a solution 
of lead nitrate to whah hxdiooen piioxah has hem adihd. It is 
not simiily a imxinre of lead monoxnh and dioxidi, smei eold caustic 
alkali extracts none of the foinar oxide fiom il. 

) Lux unnl ('hnn, Isv) 19, I'sl . 1!< ■ K, Z. ilx /< annl ('htm., 1008, 

74, 4 tM, ’anil Mimhis. P»''7 i/> 

Wcrnicki-, yV/ >39. - lK9h J95 

3 Hrut/nci anil llolmrl. JoA J’htnn , ISO 23J, IH.M), -34. -hlj. 

i KasMiLT, Ar<h r'.mm . IST,. 233 . 

* J{u-quf;liiin, ./ irraU Cfn.it, ‘ 53 

« Mai mo, ZeUnth nm.rtj Chin , lj»» », 62, 17 J. 

1 iSchaffncr, AnnaUn, 1844 , 51 , H-> 

» Bellucoiand Parravano, leilsch anortj Cftem , 

• Braunor, Zettsch arwrg^ Chem., 18 J 4 , 7 , - 


, l9<Wi, 50, 101. 107. 
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* Another oxide, having the empirical composition and cohia^' 

•“ing 4-2 per cent, of active oxygen, is formed when the monoxide fs'.s 
iieatcd with oxygen in a pressure furnace as long as combination takes,,' 
place.^ This oxide, which is dark brown, and resembles lead dioxide ^ 
in appearance, may be regarded as h ad pyroplumbati*, 2PbO . nPbOj '5 
or Pb 2 (Pb 30 R). 

It should be added, howexer, that Reiiiders and Hamburger, ^ who 
have studied llie tliermal dissociation of red lead and hsad dioxide, ^o 
not cohiirm the existence of the intermediate oxides Pb-iOg, Pb 507 , 
PbsOs. 

LlCAl) AND SULPHUR 

Lead Sulphide, PbS, occurs in nature, and is tlie principal ore of 
lead. This ore lias been known since llu^ time of the ancients as 
galena, IniL that it einitained sulpimr xvas not rccogm/eil till modern 
times, altliough Ro\l(‘ xxas awari* that lead could bi* obtained from it 
by heating iL wilh seraii-iron. Another name for tlu' ore is lead glance. 

It occurs 111 dark gn^y masses, haxing a nielalli(‘ liislrc', crystallised in 
regular ouliis or oelahedra, and show's a w'ell-(l(‘fin(‘d cubic cleavage.' 
Galena has a hardness of 2-.) and a density of 7*51 to 7*70. 

Artilieial lead sulphide may be prejiared in tin* diy way, or by. 
prceijntaiiiig a had salt solution with hyilrogeii siiliihide or other 
soluble sulphide. 

When lead is heated in sulphur xapour Ihe melal burns and forms- 
crystals or fused globules of th(‘ sulphide. Tin* sulpliide is also formed 
when lead oxide is heated w'llh excess of sulphur. Thi* formation of 
lead siiljihide by the action of almosjihene hydiogc'U snlplndc on lead 
pigments is xvell kiiow'ii ; it aceoimls for the daikenmg of oil-paintings 
by age, and of strueluies coated w'llh paint into the comjiosition of 
which w'hite h*ad enters. On this account no part of a ch(‘imeal labora- 
tory should be coxered with lead paint. Furtlnr, it is frequently 
observed that powders containing lead compounds darken aflr r exposure - 
for a short time to the air of a laboratory in xxhich Indrogoi siiliihide 
is being employed. • 

When lead sulphide is precipitated by hydrogen &iilj)hide from a 
solution of lead acetate or nitrate the precipitate is ainor[)hous, but 
when it is formed in a dilute solution containing free nitric acid, it is 
obtained crystallised in nneroseopic cubes. 

"V^ilst crystallised lead sulphide is dark grey the precipitated ' 
sulphide is broxvnish black. The txvo forms differ in density ; the ^ 
jdensit}^ of the crystallised compound is 7-48® and of the amorphous^ 
The melting-point of lead sulphide lies in the region of 1000° C. ; ' 
that of galena has been estimated to be 1120° C. ® ; the sulphide,' 
.however, sublimes below its melting-point, and a sublimate has beeij./, 
.observed in a vacuum as loxv as 600° C.,® consisting of cubes wliich' * 
<t)^y>be 1*5 mm. in diameter. On account of this property crystai^<’ 
sublimed galena arc often obtained in lead works. The molecular % 

' Fisoher and IMoetze, Zeitsch. anvrg. Chtm , 1912, 75, 16. ’ * 

* llcinders and Hamburger, Zeitsch. anorg.JjJwm., 1914, 89, TJ. 

. * Mourlot, (Jomp,. rend., 1896, l?3, 54. 

' * Clarke, Constg/Tits of Nature, Wa^ington, 1888. 

B Blitz, Zeitsch. anorg. Ckem., 1908, 59, 273. 

9 Damm and Krafft, Bear., 1907, 40, 4775. 





LEAD AND ITS COMPOUNDS - 
teat of formation of ^prccipitjitcd lead sulphide is 20,t00^.or 20, 
Jalories ; ils sincific heat, which vanes somewhat with teinperaturei 
ias» a mean valiu' of about 0 008.® 

Lead sul])hut(‘ is rediieed to nielal wlu-n huiled in a current of ^ 
lydro'^i'U ; eJiloiiiK* eon\eils it into ehlondc with the Mmultaneoii^ 
'oriiuilion of siilpJmr dielilonde, S(’K, but iii pnsniec of \\al( i-\ ajiour 
onus till* [n I'omiIl Dilute luliie arid dissohts tad sul|.lud<‘ with 
fonu.iliou of nitrali in m»IuIiou and sijMiahun of snljihnr. At 
:he same tiiui some of tins snlphm is oxidiMil lo sulphurn* .leid with 
:he consei|nent form.dion of had snljihali* , .mil (Ins is spuially the 
L'iise will'll Ihi eoneuitialid .leiil is eniploMil, sn that tin snlphidu 
ippeais to be diiielU o\idisid to snlphale Il'>l i one< nlialeil hxdio- 
.‘lllorie iieid diss< »1\ es 1< ad snlpliiih* w il h e\ olnl ion «'l li_\ dioj^- n '■ nl jiliide ; 
iiid this snl]>lnd( is b\ no nu aiis insoinble mllu dilnh aeid, so lli.il tiaees ^ 
)f lead mav umam m solntion aflir llie pass.ijri ol h\dioift'ii sulphide 
if too mneli li\ (Imeliloi le aeid w.is piisuil and in I Ik eonrse ol ipialila- 
tivc analysis will snbseipa ntl\ be pii eipil.il* d .is ii\dio\i<l( b\ amiiKaua. 
Several ollur snlpliidis .iie It ss soinbli m walti llim 1' ad sulphide, 
enpne and siKti snlphidts (’tmseipu id 1\ dtaibt tit eomposilion 
acenrs wlitn lieslilv pit eipilatv tl leatl snipliidi is sli.iten nmIIi solutions 
of eiipiit' Ol sibir s.dls. The solnbililv m wain of pieeipilali'd lead 
siilidiidt al IS' IS 800 10 '* ^Mani-molt cults pi r IiIk*, that of 

the er>slallis(d sulphide is about a lliml tins \alu( ^ When lead 
suliihuie is Instil wdli eaiislie soda m Hit air. Hit snlpliult is oxidised 
to suliihale, wliieli dissoKes in Ihe soda’’ 'lliis is an (‘xaniph* of the 
inlluenee of a stibinl ujKHi oxid.dion, since the oaelion dt jiends upon 
the solnbihlv of lead sulphate in eaiislie soda, il is aiialoirons to the 
oxidalfon of ma-nuanise aiul ehioniii eoinponiKU Iti manjianale and 
chromate uniler (lie s<ime eondilions. SuiiilaiK, pieeijulated lead 
sulphide IS oMdist (land dissobid when it isboiKd willi sodium peioxide 


*^*^'^Lead SulDhohalides. -The follow ini' sulpliolialidi sof h ad are hi»>'vn : 

PbS.PbC’lo, IMiS iPbC’K, PbS.PbIhM PbS.lPblh ,, PhS-lPbl^. No * 

sulpholhioride is known. , , • i i 

It I'.wdl liii.mii lli.il wlun In diop n sulphide 

izas IS nass.'.! iiilo a s..lulion a Ir.ul sail .•oiilaaiiim naa li Indioi'liloric 
fcidadaiLrul pixipdal. is ..l.laiii. d, «lii. li liii.is l>l,i. k il Ilic solidwn 
IS diluted aial Indicsx.n sid|.lad. is a'.'aiii passed ml., il. "us rtd 
conipound is a l.ail s.ilplixcliloiid.' «lia-li «as i.imii.alh supposid to 
be al’bS.'il’IiCl Imt is mtv pruli.iblv I’bh I’l.tL Aiml kt 
chloride, haMii},' Um' coinposilioii I’bS Il’bClr i"- <- 'tam'd >v diluting 
a solution of lead sulphide iii eoiieeiilialed Indioel. one acid. 

Lend Siili>liohinmides.—VhS.V\<U>, .<»d I'l.S. U l.llr, eaii be pre- - 
nared (iiiite siimlarlv to the eoirt si>ondint! siilplioehlorides. 

^ Lead Suli)h(n.,duU\ FbS. U'l.I.,, may be ol.lam.d either by 
a solution of liad siilphid.- in coiiei iiliateil In di iodic aeid, or by adding^ 

1 'n,»..wi'n. ncr„w<l,n,„^.h I , h'*':!. I", 

- Beitlultit, .Iwrt (’him. Phy'* , tsi », Iv], 4 , 

» 8 trenit/ Jhllznunin-iyi^hKfi um 

* WeiRfl, Zcttsch phij^ikul < fun, , l.lOi, 53 , -.M ■ f 

• » Mourlot, Com jitf tend , 

• Hunonfcld, J. praict. 7. 

» Parmenticr, Comjd rend , 

« Lenhcr, J. Amer. Chem. Hoc , 1895, 17 , all ; 1901, 23 , 080. 
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y ^Mueous solution of hydrogen sulphide to a solution of lead iodldfe 
in the same acid, or in concentrated potassium iodide solution.^ 

, I^d chhmthmbismtahite, PbS.BijSj.2BiSCl, and the eorrespond- 
ing bromo- and lodo-compounds have been prepared by Ducatte.* 

. Lead Polysulphide —A purple-red polysulphide of lead, having the 
corapoMtion 1 bSj, is Ibrnied when a solulion of caleiuni polysuliihide 
is^added m excess to a dilute solution of lead nitrate cooled to 0° C. ; 
frer'LiiUmr (^‘ompound decomposes into lead monosiiljihide and 

It was obseret d by Jlofmaiiii and Wolll * that when lead halides 
dissolved in dilute sodium thiosulphate solution arc exposed to Imht 
preci[)itates aiv lormed which are not lead sulphide*, this alone being ' 
formed Irom llie solutions in diffused light or m the dark. In the case 
n o pi’t^(‘tpd‘de of PbjSrtCla is formed, whereas from 
tne iodide Ib^S^Ig st‘parates as a co])])er-red powder. The hitler 
compound i.s also lornud by the action of yellow^ ainmoiiiiun sulphide 
solution oil lead iodide. 

11 IhSOj, IS oblaiiK’d as a w'hitc* preeijiitate w'hen 

alkali sulpliitf* is added to hml nitrate solution, or sulpimruus acid to 
lead aeetale solution.® Ihis salt is easily oMihsed and decomposed 
by acids ; healing eonveiis it into a niixlme of sulphide and suhihate. 

Lead Sulphates —Lead forms the two siilphalt's PbSO. and PhfSO.L. 
m which the metal is hi- and cpiadri-valeut nspectively. They arc 
conveniently know'n as lead sulphate and plunihic suljiliate. 

Lead Sulphate, PhSOj, is lound naturally as the iniiu'ral audestte 
or lead Mtriol, which often occurs m large traiisiiarenl ervslals, iso- 
morphous with those of c(‘lesline and hi^avy spar. The sa‘lt may be 
prepared artilieially by precipitating a lead salt solution with sulpluiric 
acid or a solubh* sulphate. Thus obtained it is a whilt*, mierocr} stallinc 
powder. It may be obtained m a more distiiielly crystalline form by 
causing it to be piodiieed slowly ; thus if the liid of a platinum w’ire, 
covered with fused lead chloride, is allowed to dip into a layer of water 
which has been jiourixl upon the surface of a saturated solution of 
potassium sulphate, crystals of lead suljihatt* are gradually formed.® 
Lead sulphate is also toimed by the interaction of lead dioxide and 
sulphur dioxide. 

For commercial purposes lead sulphate is prepared as follows: 
Uraiiulated lead is dissolved in acetic acid in steam-lw'ated vats. TJic 
liquor IS then poured off into a large* wooden tank, and lead sulphate 
precipitated by the addilion of sulphuric acid. After standing, the 
clear liquid, consisting of acclic acid, is jiumped hack into the vate 
to act upon a further supply of lead, whilst the precipitated lead sulphate 
IS washed and dried. 


. Natural lead sulphate has a density of 0-30 to 6 39 ; the density 
of synthetic salt is 6 17. The melting-point of the pure salt appears 
to be above 1100° C., but is dillicult to determine on account of the 
loss of sulphur trioxidc at this high temperature.^ There is, however, 

. * Lenhur, J. Amer. Ckem. Sot., 17 , .511; HlOl, 23 , 080. 

• Ducatte, Cornpt. rend , 1002, 134 , 1001 . 

• Bodroux, Conipl rend , 1000 , 130 , 1307. 

• Hofmann and Wolfl, Str., 1904, 37 , 249. , -- 

• Seubert and Klton, ZcUsch amrg. Chem., 1893,' 4 , ^ 44 . 

• Manross, Annalen, 1852, 82 , 300. 
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a 'transition point at SflO® C. Tlio molonilar hrnt of formation of lead 
Sulphate from its eleinenis is ‘210/200 calories'; tlio following arc the 
heats of formation in olln r \\a\s- 

IM) I O, I SO, PhSO, I lUJoo (.iloins 

P1)0 1 il,S()^jH| IM)S(),(pp(l ) I ;u| ; ‘2;5, 100 e:ilori(‘s. 

Lead snlpli.iie is not tjiiili* insolnhK in \\al« i . at at inosplierie 
tc'inperatnre I part of llu salt dissolxts in ahmil ‘2*2.000 parts of \\ati‘r. 
Dihbits “ found that 1 litre ol watt v dissul\ i s O o.ls ^lain IMiSO^ ; hut 
Si hn.d found 0 O.S‘2 1 Lri.un 'I'lu* « 1< <■! i le i ondiu 1 1\ it n s <»! .i(|nenus solu- 
tions of lead sulphate at diil( u nt l« inpi latiin s , ^,) has « hi i n mi asun d 
by Kohhauseh,' and tin eoin spiMiilne^ solnhililu s di diu ■ d tlu n tioin 

Tempeiature ' . 0 ;i7 .‘Ms loos is 00 .‘J.'l ‘2.*J 

,,,-10'» . . . It) 7.0 10 aT :M S‘2 0*2 1 tS a 

Mllhmols. pir Idle 0 110 0 117 0 1.01 0 1.11 out 

AjiidNing till same piineiph. hut nekoinn'r tin salt ti» he .S‘2 per 
ei'ut. lonisid. Hut I'/er ’* has ealenlati d tin sulnlulits nl had sulphide m 
water at 10!)Vt\ To h( t ‘21 10 “ir'.'io 1“ « Idn a iisult whieh agrees 

closely with that of KMhhanseh It has hi i n poudid out. howeser, 
hv IMi issni i,*‘ that iwit onh dots tin ipn st ion of ih i-i 1 1 of loiusalioii 
enti'i' into the e deiilalion of solnlahts fioin eondin ti\ il v data, hut also 
that of hsdiolssis, 'fin si* anthois h.ivi* istnnatid the st.de ol an 
aipieous solution of li ,ul sulph.di at IS ( to 1 m as lollosss* 

PhSO, I 0 ()‘27 milhmols pi i litn 

SO," I 0 00<1 

PI, I 0 0(,‘2 

. Pl)(01I)‘l 0 0.‘}7 

lit ootn 

Soluhilitv pioduel jPh ] / |hO,'| 01 10 

The soluhihl V of h ad sulphate is eonsnh lahh It ss m dilute siilphnric 
acid than in ssaiir, hid hevond a eeitain stnngth of and tin solubility 
again mereasi s owing to the foiin.dion of eoinph \ ions 'I'his is shown 
by the following tiguns • 

Percentage i I , . 0 1 

Grams PhSO, pi 1 litre 0 010 0 0*27 0 

The sohihihliis of lead snlphal* m h\<lioehloi le u id 
concentrations at almosplieiie timpuatun aie as iollow 

Grams UCl per 100 grams solid nm . 10 0 10 0 ‘J‘2 0 
(irams PhSO., pi r 10(t grams sol\i nt 0 1 V o .O o .i , 

and in nitric aeid, also at atmo.phme timpualm 
Grams TIXO^ per 100 giams solution 110 

Grams PhSO^ per 100 giams soh i nt 0 

1 Thomson,./ juakt ('fmn , 

» Dibbits, Zcxt/irh nnal ('hew , 18/4. 13, l.W 

'"tvh* sc- .w«6.h(.r, of l»nnf,mr ami Orqamr Huh-tanc-, (('ro,by Lockwood 

and Son, 1911) . Bodwell, ./ Chtm Soc , IWli. xS,-™ • 
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* Since ammonium acetate solution is used as a solvent for festt' 
sulphate in qualitative analysis, the extent of its solvent action is of 
practical importance. 

The follo\\iii<» values ha\e been obtained : 


Temperature ^ ‘J.>“ C. 

Grams NIT^CalLjO^ p(‘r litre . . . 7 0S 

Grams rbSi)^ per 111 r<- .... 00.% 

Tenqieralnre = i()0" C. 

(irams Nil 4('.Jl ,()j ])er litre . ‘JSO .T20 

Grams PbS ()4 per-lilre . . 712 OHS 


l.'3-9G 

31-92 

IJJH 

8-02 

:i7() 

4.50 

lO.'i H 

IIIO 


It has been shown by Kox ® tliat Avith solid ions of ammoninni acetate 
up to a cnneeiilralion of .‘JN the solid pliasc* eonsisfs of h-ad siilj)h.atc, 
but Avitli moK' eoneeid rated solid ions tins pliase eonsisU'd of crystals 
of (NJl4),Pb(S(),)„. 

When lead sidpliah' dissobes in sodnnn aeetab' solution the solid 
phase consists o! PbSO,. but avIkii it dissolves in potassium acetate 
there is double di eomposdion wdli lli(‘ formation of lead aei'tate and 
potassium sid|)hate, IIk lattd* nndni^r with llu^ had sulphate to form 
the complex siilphale K.2lM)(S(),)2 as tiu‘ solid jihuse.* 

NiinuTons other salts also inerease the solubility of lead sulphate 
in Avater, proinineid ainonij whieh are ammonium nitrate, eituile, and 
tartrate. 

Ethyl alcohol (Inninishes the solubddv of had snipliale, winch is 
practically insoluble in pure alcoliol; Inaice alcohol is added in order 
comph’lcly to separate lead as snlpliate m (jiiahtaliAe and (piantita- 
tivc analysis. 

Lead sulphate reacts Avdli sodium hydrogen carhonate according 
to the equation : 

PhSO^ 1- 2NaIK’()j PliCO, -f Na..S()j i CO. h 11 ./); 

Avhcncc it follows tlial carbon dioMdc under prissure transforms lead 
carbonate sus])end<‘d in sodium snlpliate solution into lead .sulphate.® 

Basic Lead Sulphates.-- Pv an investigation of tlu* cooling cnr\'‘es 
of various fused nn.xtnres of lead snl[)hate and monoxide Sclienck and 
Rassbach® have found evidence of the existence of threi* basic lead 
sulphates, viz. PhSO,.Pb(), PbSO.,.2PbO, PbSO^.HPbO, the first of 
■which is the best (lelincd. 

PbSOj.PhO or ]’h.20S()., is formed by tlie action of ammonia on 
lead sulphate/ ami by shaking together lead sulphate and lead hydroxide 
, with water at 18 ° C.® Tl is obtained .as a vvhit(‘, voluminous ]ioAvdcr, and 
^ occurs as tlio miiwvnX lanathite. PhSO4.3PbO.ir2O or Pb402(0II)2S04 . 
is formed by the inlc'iaction of lead hydroxide ami ammonium sulphate ■ 
solution,^ or by shaking lead sulphate and lead hydroxide with water.® 

• Noyes and Whitcomb, J Amer dhent, Sor . 1005, 27, 756. 

■ * Dunnington and Long, Amcr Chem. J , I8tl9, 22, 217. 

b * Fox, Proc. Cham. Soc , 1007, 23, 200. 

• Fox, Trans. Cfum. Sor , 1900, 95, 878 ; see also Brdnsted, Zeitsch. phyaM, OhenUf 

/,^9Uf77, 315; and Bluml)eig. Chern Wtekblml, 19U, ii, 10.30 '^1 

[ . • AueTl)ach and Pick, Arbeiten Kaisrrl Oe-mndhaiaamLf 1913, 45, 113. 

\* Schenck and Rossbach, Ber , 1908, 41, 2917. ' 5 

’ Kuhn, Arch. Pharm.^ 1847, [ill, 50, 28.5 ; Strdmholm, ZeitMch. anorg.Chm-t 1904, 38, 443 ,* * , 

• Pleissner, Arbt%ten Kawrl. Oesundhettaamia, 1907, 26, 384. 



^j^^gcOcoTciitag to Ji^dssncr 1 litre of saturated solution at C. 
l \S A mg. of PbS 04 .Pb 0 iirul 2«*2 mg. of PbSOj.SPbO.HaO. 
r A basic laid sulphate known to the trade under the name ol' Purcis ^ 
‘ is made by volaliliMiig galena in a enrrent of air. I’he ]>roduct con- 
stitutes a useful while pignunt, nuieh less poisonous limn ordinary 
white lead. 

Lead Hydrogen Sulphate, Phll.,(S() 4 ) 2 .!lj().— Ii< ad dissolves in 
hot and niodu'aUlv eonet iiti.it ed snljihuiie .usd, in vvhieli also lead 
sulphate dissolves, forming ;ui acid siilph.iti' in solution AVIk n this 
solution is diluted with walei had sulphate is pvi ei|)il!ilt d, hut if 
instead it is allowid to stand in tin* air lUNslaK (»f llu aeui 8 il- 
pliatc PWIISOjli-ll^^^ <l<‘|msilid.' naiium sulphate heliaves 

similarly. 

t Lead Piftosidphtitt\ PhS^O-. is fount d by tlu* iimoii of IMiSO, and ' 
SOg.® It has not. liowtvir. ht'eii ohlaiin'd pine 

Plumbic Sulphate, h.ul disnlpli.iic, 1M»(S(),)„ is fount d h\ the 
electro]} lie oxidalioii of h.ul m posciuM' of siilplitine .u id 11 was 
prepared l>v Elhs and l''iseiiti * l)\ tiu t leeli<»l\sis of snlplume aeid of 
density 1 7 to 1-S with a h.ul .inodt* 'i'lu tunptiahut liid not ('\eeed 
30° C., the eurrinl thnsilv w.is 0 0‘J h) 0 (Mi amput* pi i sij em., and 
the anode was sepai.itid fi<»m the e.ilhode h\ imuuision m a poious 
pot coiitainuig a eoiisidt lahh \olume tif llu aeid Tin* anoih* mud 
oontaiiied 00 lo Sa per end. of plumhie sulpliah' , a juirei product 
subseijuently eryslallised from llu .modi lupiul. 'I’lie eivslals of 
plumhie sul])h;de weie of a famiK greiiiish villow 1ml, hid yielded 
a piaetieall} wliih powih'i wiun drud on a porous ])lah . 'Du v could 
not, liowi M r, he eomphliK fn eil fiom snlplume ai id 

Oiuklumdnd ee of snlplume aeid dissulvt ahoid Ool.’) gram of 
plumhie sulpliate at .‘50" ('. 'fins salt is livdioKstd h\ wnti'r into 
snl])hnne aeid and had dioxuh , llie same lihet is piodiieid more 
^slowly by llu* aelion of sulpliurie acid of ileii-.dv less Ihanl-Cj. 
Hydrolysis, howiver, takes pl.iee m two stages,' the h.isie sulphate 
PbOSOj.lIX) hiing an iidiinudiale }»ioduel. 

Coiicentrati'd hydroehloiie add dissolvis plumhie snlpliale fta-niing 
a yellow solution eoidammg had lelraeldoiule oi eliloioplumhie aeid; 
glacial act tie acid also disstdvis the sail a! 10 aO ' anil wliitc 
needhs of the t« lia-aei lab' eivslallise from tlu- solntion on eoohng. 
Sodium aeetatt' solution likt wjsi dissolves plumhie sulphatt, forming 
..^sodium plumhi-aei lati , double sails, siieii as and 

(NIT 4 ) 2 ph(S() 4 ),,, aie also formed vmIIi siilpli.dis of liie alkali metals, 
ammonia, and amines. C’ohl eoneeiduded sodium hydioxide solution 
forms sodium ])himhate. 

• Plumbic sulphate n semhlis, hut is more eiuTgt he limn, lend dioxide 
as an oxidising agtnt ; fuious salts aie oxidised ft) fiirie, alcohol to 
aldehyde, and oxalic aeid to eaihon dioxide hv this eompomul. These 
oxidations arc aecom})anu d i)\ the separation of lead suljthali, without 
the appearance of the dioxide. 

Lrad Persulphate, PbSjOg.f'j.'tll./), is formed m solution by adding 
lead Carbonate to pi rsulphiirie arid solut ion, and is obtained on e\ apora- , 

* Schultz Poq^. ISIJ.S, 133, 137. 

' Schultz, }kr\ 1884, 17 , 27(1.7 

■ • ElbB and ri-sohcr. Ztxisdi. EUklrocUm , 1900, 7, 313. 

* Dolozalck and Finckh, Zetttch. anorg Chem , ]9U(5, 50, 83 ; 1907, 51, 320. 
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ti#n in vacuo in ill-ck‘flncd, deliqiioscont crystals, very soluble in water,^ 
From a solution of Jcjui piTsuIjihiite alkali precipitates lead hydroxide, ' 
which is qnickiv oxaliscd t(> lli(‘ dioxide. It is noteworthy that this 
sail, Pl)S/)^, IS isoineiie with phinihie sidphaie, PhfSOj),. 

Lead Thiosulphate, PhS^O.^, is lorim d as a while juvcipitate, wdiich > 
may he amorphruis or er\sl;dlme, when sodium thiosulphate is added 
to a lead sail soluliou.^ When h(;if<‘d il turns black, (hefimposinc; into 
lead sulphide and sulpha! e, loir( tin r with sulphur and sulphur dioxide. 

It burns in the air; and whin mixed with an oxidisiiifj agent has 
been enijiloyed in tin* manufaelure nf matches flee from phosjihorus. 
When sodium Ihiosulphale is added to a boilmi; solution of a had salt 
containing ammonium ehloiide (he whoh' of the lead is pneipitated * 
as sulphid(‘,*^ logither with fiee sulphur.* Lead thiosulphate is \cry 
slightly soluble m water : according to ILimnn lslx ig,’' 1 part dissolves 
in ?3‘2fiO paits of w'ater. Hot wal-r dreonipos(‘s this salt, producing 
sulphide, sulphate, and fitc sulphm, with small amounts of sulphuric 
acid, th(‘ mam r< act ion Ix ing : 

4PbS,()3 -PbS-hl-S |-;iPbS(),.« 

It is more soluble in thiosulphate soliitnuis, owing to tin* formation of 
complex salts, a niinilx r of which arc* Known. 

PbS./) ,. LhS-jO , IS a ervstallme salt which ic'ndilv absorbs and is 
dc'Composed bv water with foimalion (»f hsid monosuI[)iml(‘.'^ 

PbSoO, liNa^S^O,, (»btam<‘d bv adding lead acetate to eone(‘nt rated 
sodium thiosulphate solution, is er\ st.dlinc*, and slightly soluble in w'ater.® 
PbSjO^.iiKoSjO I ‘JlloO crystallises from a saturated solution of 
lead thiosulphate m p<>tassmm thiosulphate solution.^’ 

The following salts also exist : 

PbS.,0,.2(XII,),S.,()3 PbS.,(),.‘2('soS.,(),.3ir4® 

PbS.O, ‘211b., S,(), ‘2II.,(),« PbS,()j.‘2raS 

PI)SaO.,.(s,S/)V‘2ir.,()> 

Lead Dithionate, PbS/)^, l-IKO, er\ stalhs<‘s fiom a solution of lead 
carbonate m dilliioiue acid.® m stable, hexagonal ervstals, isomor])hou.s 
with the eorres|x)iiding ealemm and stiontmm salts. 'I’hc tri- and 
tetra-thionates, PbS., ()(.*” and Pi)S,()g.2lI.20,** iespeeti\ely arc also 
known. 


T.KAl) AM) MsLKXH'M 

Lead Selenide, PbSe, occurs in nature as the ran* mineral chius- 
thalitCy and mav be prepan'd by fusing the tw'o el(*ments together, 
or by precipitating a lead salt with ludrogi'ii sehnide. It may 
be obtained in a (Tyslalhne state by melting selenium with cxcc.ss 

. ^ * Mm shall, Tianj* Chew Soc , 1891, 59, 782 
,1' ' ■ liOtts, lUr , 1S70, 3, 922 ; I’ouh, Compt renil , IS90, no, .922, 571. 

• Faktor, ZeH'.ch. ami Chun , |9i)il, 39, .345 

• Norton. (Jhem. Newt, 1901, 8g, 2.">4 

® Rarnmc'lslx'rn, Poqg Anmlen, 1.842. 56, .‘JOS 

• Perkms and Kinj;, Tram Chew Sw' , 19I.’J, 103, 300. 

^ Moyer and Fpirolinj?, Her , 1907, 40, 13.91 

• WolU and Waldon, Zntuch avarg Chem.^ 1893, 3, 203. 

• Hcoren. Fogg. Anmlen, 1826,7, 171 r 

*® Foph, Compl. rend , 1890, 110, 521 ’ • 

Fordos and CWIis, Compt. rend,, 1842, 15, 920 ; Kessler, Fogg. Annalen, 1848, 74, ... 
240; GImncol and Diaeon, Compt. rend , 1863, 56, 710. 
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of lead, and dissolving away imconibincd load with nitric acid ^ ; also 
by reducing load solonate with ciirhon, by the interaction of hydrogen 
selenidc and lead chloride vajxnir, or by fusing the ])Hei]>itated sulphide 
in an clcetne furnace. (’i\sl,illuu‘ liad st hiiide is lustious and liluish 
grey, and lias a deusil\ j»|' S lo at I.")'" C\ 1( is sloul\ al tacked by 
fuming luilroehlorie aeul, .uid iuoi< u .hIiIn by mine acid. The 
molecular hc.il nf roiui.iiiou of aimu'plmus It .id s« li'Uide is lt^,()()0 
calories, and of the eustallim <'nm])t)uiid l*i,SOO (.ilt»ihs." 

•Wiieii lead is fused willi e\eiss of stlimum, two l.iveis au fomu'd, 
the lower one of winch conlauis m aiK iwici* as much seh mum ns 
corresponds with the mouoseh iiuh , wliih the upjur hner is marly 
pure .seh uiiim, 'I'lie monosi i. imh , howiM i. is I lie o?il\ compound 
prcsiait III the lowii hu<i. the i xoss of s< 1< mum Im mg dm to tin 
soluliihlv of the eleim III lu tin fiisi d iuomom h unh 

Lead Selenite, I’b.Si (),, IS .'i will It pnwd'i sp.mngb soliil>lt m wali'i*. 
])rej)arid by <li e«)m|>osing .i h .id sdl with siltimuis acad oi .i stdiible 
selenite, b\ flissolxmg had o\id< in tin s.imr .aid,' oi b\ oxulisiiig 
lead seleiiiih w it h mini* acid , it fiisi s without (h eoiujuiMlion foiimng 
a yellow lapiid 

Lead Selenate, I*bS( () ,, w.is obl.uih tl ])\ !»< i/« hus as a w lull p«>wder, 
diHieiiltly soIul>le lu w.ilei. \\ In u liis-d il i \ ol\ i s (tw gi ii. and is ic- 
duced b\ liMllogiii lo s( h Midi ® 't’h' li.isie s.ill IMiS-O, lUMiO II X) 
lias l)e(‘U ])i( paled fiom ammonium si l< nab ami li ad liNdioMth ^ 


bKAi) \M) IKLbl HU M 

Lead Telluride, IMiTe, oceuis as tin ian immial niinilr, which 
forms clysl.ils m fin ngulai s\slim, of dtusiU S I.V) ami liaidmss* 
318.) kg pi r s(| mm* 'This i ompoiuid can be piipand s\ iil In hcnilv 
from its elenn iiK, and its molt eulai In .it of foimaliou is ll.tOO ealorii s '' 
Lead Tellurite, l’lfl'< O „ w .isdi >eiib' d by Ih i/t hus,”’.iml (in h\dra1i d 
salt 3lM)'r< ()^ 'Jlb^O ha , bi i ii obi aim d by la iiln r .iml Woh nsky " 
Lead Tellurate. Normal ami basic salts wi re di seiibi d by Ihi/i lius. 


IdvM) AM) MTUOtiKN 

Lead Azide {Lead Azoxaiidt ^ Lead ILfdtazaalr), IM)(N,)^ this s.iIl 
was prcpari'd 1)> (’urims'- b\ pn eijiil.ilmg sodium or ammonium 
azoimide solution willi lead acetate It is solulile ui ( sei ss of the 
prccijntaiiL, praeliealK insoluble in cold w:d(i, but soiuewh.'il soluble 
in boiling W'ater, .'i hln of which dissohis aliout 0*5 gram. It cry.sta!' 

' llo.ssliT, au(i)q Chi in , Isa.'). 9, -gj 

• Fabrc, f Inin I'liqt . 1SH7 , [mJ. 10, 'iU.'i 
■ IVlabiiii. ('oivjil rend , I’HIT, 144, Jl.Vl 

• Marino, aimrif ('hem , llKis, ^9, f »0 , I'.IOM, 62, ITU 

® Fonzcs-Ibacoii, Itvil Sor rhivi . HMM), [ml, 23, 7JI 

• Fonzofl-Oiaton. rW/'t rtnd , I'HH). i^o, 1 KM 

• Stroiiiholin, /< anonj ('hnn , 38, 1-1) 

• galilau, yinrj Itisl Mini», Pelroijrad. IMfl, 4, 2JS, urr also Kiniiirn, Mem CoU 

Sci, Kyoto, in 

• Fabrp, Ann. Chim J'hys , h'l* 

*** Beraplnis, Lchtburh, 1S.">0, JM 3,18 74t). 

“ Lenheramt Wolepcnsky, ./ Amet L'hevx Soi , 35,718 

** Curtius, Ber , 1891, 24, 3341 
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■m"- ■' 'cAit6d;^‘Ai0'l4s''‘X£fci^\ . _.. 

ItSss from aqueous solution in white needles which resemble 
ihloridc, but tiini yellow in the and explode when heated. Tm 
halt dissolves, in warm ae^ tie aeul. but not in ammonia. Hydrazok 
aeid is eonvi nu nlh ])i(pai((l by dishllatioii wIk'ii its lead salt n 
heated with dilute sulplume .leid ' 

Lead Imide, l*b\II, is unc (»l lie* lu w eomjioiimls prejiared by 
Franklin ^ b\ means of KMelKuis e.uneil out iii lupiid .'immonia. When 
lead lodidi iiaets ^v|{h jiolassamide in h<(iiid aiiiiiionia solution, the 
followinjr reaelions laki plaei : 

‘2l»bl.. I :*.KM 1 , Fb.XdljI i ;JK 1 I Nllg. 

1 M) 1 .“ , l>K\I 1 “ -- l»b\ll : ‘JKl i MI, 

1 M) 1 “ 1 ;iKMl“ l>bNK(V) i ! -'NH3. 

Lead iiuide may, ho\\r\(r, be obtaiiud by ^ladiiallv aildm‘» lead iodide 
dissohed 111 li<|iii(l aiuinniiia to a siiiiitir soliilioii of ])o1assaiuido, until 
a cousuh Table (juaiititv is piodiieid as an oraiu'i -eoloiiri d pueipilatc. 
Avhieh is then h ft 111 i‘oulae( with llu lujiiul Ibi Iwi iitv-foiir hours. 
When (li lid. It ad imidt* is a ii'ddish blown, dinsi. amorphous mass, 
which IS \ ( IN < xplosiv e. 

'I’he piodiiel Fb^NiII ,b wliudi is foimed when lead uKhdi* is ir 
excess, is wliih, and is ealli d timmcun-lmstc lt>ul fixluh’ : it may liavc 
the const il 111 1011 nphseiittd b\ the rovmul.i 1 M> V- Pb -I.NH3, but 
more proliabls is MI, PI) MI Pbl. 

All axun nio-has'ic lend tnlrn/e, or lead uiinisn-nitridc-ammonia, Ic 
which the t'oniiiila Pbj,\(\ 0 ). //Nil . has been altiibuted, is a while 
or pale vi How e\plosi\(‘ eompoiuul ftmued bv Hit* aelioii of polassaniKh 
on lead nitrate 111 lupiid auuuouia solution. 

Lead Hyponitrite, IM)(\())^, is foimed by tlu' mti'raelion of sodium 
hypoiiilrile and lead aeelali * Tb<‘ fiisl result of mixine the Iwc 
solutions IS the foimalioii of a whil'‘ jineipibite ; but this on staiidin/) 
in contaet with aeetie acid Ix-eoniis yellow and er\slallme. 

The wliiti* salt IS the basic bypomtnle Pb(\()).,. PbO ; tlu* yellow 
crystalline salt is tlie ])ure h\ pond rile Pb(X()).2. The fornu r didla^rratc' 
when heiilid, the taller i‘\plo(les Hoth salts dissohe in dilute acids, 
and from the solution alkali pieeijiilales the li.isie salt. 

Aocoi’duii^ to DiM'is,* liow'eyi r, fn'shly pn ei pit. i list hs'id hyjionitritc 
is cream-yellow', and is piobably a h\drat(‘, ratlier than a basic salt, 
which turns sulphiir-yt How as it los* s water. 

The lead salt of mhtdnfduhriflamu' m uh Pl)(X"2^1d-> know'ii. 

Lead Nitrites. -Ih sides normal lead iiitiile numerous basic salt? 
have been deseiilxd, as w'ell as a eompouiid of nitrite and nitrate, 
formerly known as hyponilrale. ^Phese products have been obtained 
by Ihe ’aetioii of linely divided lead on a solution of had nitrate or by 
the hydrolysis of le.id ml rile. Lonir/. desenbed fifteen of such 
compounds, and Peters® no less than 1 w'ent^ -eii^lit. No doubt many 
of these sii])posed coni]»ouiids weie mixiuri's. and, tluTefori*, it becams 
an important and diriieiilt problem to ileiide what individual com* 
pounds really exist. Our knowh'd^e upon this subject is due largely 

^ Curtins ami Uis'iom. ./• pralf ('hrm , I 8 <IS, |u], 58 , 2(J1. * . ■ ’ 

" I * Franklin, ./. Awrr Chfm *SV. !“()"• 27 , SJI . Zfilsch. anorg, Chem.t 1905,46, 27. 

* Kirschucr, ZtU'ich anorg Chem , ISS)S, 16, 128 ' ^ - 

* Divora, Tratis. Clipm Soc , ISftl), 85 , 121. . ' 

.s * lioronz. Wten. Akad lirr.^ 1857. 24 , 1133 . , 

If . • Potore, ZexUtch. amrg Chem, 1898, 11, 110 ‘ 



' 'lead AND ITS cbiaPOUNDS , ‘ 

‘.'to the work of Chilcsotti,^ who has fjivon a resume of the varioiu > 
"^nitrites which have been deserihid, and submitted llicm to a criticat 
. examination. , 

Normal had tntnh\ is prepared l»y mi\in«» eipiiMilcnt 

"proportions of s»)lutn>ns of had eliltind. and sil\<‘r niliile ai ’ (\, and 
conceJitmtini; the fillialt* 1)\ fid/inix. follnwid ]>\ eNapoialion over 

* sulphuric acid. The inonoh\diat< 1M>(N().>), II^O" uas tlnis obtained 

in yellow, hanspaivnt piisins. and snbsejpa nll\ the aidivdrous salt 
Pf)(NOj),, iniMil NMlh a huh luid o\id<' and niliale. Tlie deelric 
conductn il:\ of le<id niliib in (oncddr.ittd solidion is staneuhat less 
than that of the nitrate or ehloiuh . but on dilnlion the iliU'erences 
become small. It is jnobable. fiom thur (onduetixitv and their 
intense yellon colour, lhal solulions j»f h.id inliiti' (suitam complex 
anions of the 1\])( oi lli^tXOd," Lead inliiti solution* 

slowly decomposes thus- 

:nM)(XO,), 1 211,0 lM>(\()d, ; 2lM>(()in, I INO. 

a deconip<isilion similar to that whieh nitrous aiad iIm U' under<roes ; 
this reaction lucKasts tin (ondueliMtN of tiu solution, WIk'U a 
solution of lead nitnti is b(>il» d .iiid eooh d, naeuous scab s aie ih posited, 
ha\ in<» the eomposilmu 

Pb(XOd,lMH()Il),.II,() nr lM)(X(),,XO,).IM)(Oll), 11 , 0 ; 

and by further h) (Ih» 1\ SIS, JiPbO X,0..all_,0 and I1M»0.\,0, 11, ,0 are 
produced Thcs<‘ lliMa*, loui llui nith the salt 1M>(\0,), PbfOllJj, arc 
the only basic h ad mtiil< s n co'rnis< <1 b\ ('hih solti Pb(XO.,),. l'b(Ojl)| 
may be n t;aided as .i deii\ati\( of orthonit ions acid, N’tOll) ,, thus ; 

• O PI) (\ 

110 x< :x-oii 

O Pb (/ 

The existence of a mlrib -mlial» »>f had has Ixm m\(sti^Mlcd by 
(hih’sotti by nnasuiniKnls ol conduc1i\il\ <»f mi\(d solutions of 
nitrite and nitrate. Owmn ch.ini.a in tin dilution of the sp('cilic 
conductivity cur\e whdi tin* two sails aie pusdit m mohcular propor- 
tions it IS coiK’lnded that llm two salts show soim tcndincv to conibn,i(‘ 
in the molecular ratio: PbtNO,), Pb(XO,)^ Atldopts to s(j)aratt‘ a 
solid salt ^^ere. however, unsuce* ssfiil Sixi ial doiibh mlnlis of h'ail 
and the alkali in< tals ha\e b' eii obtanud ,‘JKNO, 2Pb(XO,)2. J 11 /) 
crystallises 111 oranj;i monochnic ciyslals li(»in a coinMiitiatcd solution 
of lead acetate to which potassium niliiti* has been addul * 

2KNO.,.Pb{XO>)2 IL/) * IS obtained win n < \c( ss of KXO., is adrled 
to lead acetati' solution; accordm*^ to C'hilisotti. liowe\ir, it is not 
pure, but mixed with the former salt. 

CsN02.Pb(X02).,.IL,0 forms bn;,dit oraiifje plates.’’’ 

* Lead Nitrate, Pb(N6,)2 — Lead nitrate, or had sallp. tre, has long 
been known, and is mentioned in the Jhlnjinia of Taba\ms by the name 
calct^'jdumh. dulcis. It is obtained by dissoiMug h ad, lead oxide, or 

» Chilesotti, Aa% li. Afcml linrn, l^ios, [v], 17, 1, 824 ; ... 17:i. 288, 377, 474. 

- *■ C/. Lang, praH. Chiltt , I8C2, 86, :WK) 

• Fischer, Pogq. Avrailen^ 1847, 74, ll.'3 . Hatnpt*, Ann. Pharm., 18G.3, 135, 334. 

# Ung, Jahre^ber., 1862, p. 162 

* Jftmieson, Amer. Chem. J.t 11H)7, 38, 614 
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Icrfd carbonate in warm, dilute nitric acid, and crystallising the solution*; - 
commercially, lead scale or litharge is used for this purpose. The salt 
separates fioin aipuoii.s solution m regular octahedia, in combinations 
of tliese forms ^\lth the cube*, or in dodekaliedra. Moiioclinie crystals 
of lead niLrat<‘ lia\(‘ also been ol)ser\(d.' Accortlmg to Hauer,- the 
form and lraiispiirene\ of the ci\slals dt|)(uds ujion the rale of cooling 
ami (l(gree of aeidily of llie solution. It was pointed out by Ib'tgers ® 
that crystals sejiaratnl from an a(pieous solution are poieelam-like, 
but that fiom a solution aeidiliid by niliie aeid they arc* clear; the 
explanation being that in the forimr case they are slightly liasic owiifg 
to hydrolysis, whilst m tin* latti'r case th<y are pure 

Lead mtr.iie has a (h nsiU ^ of I aitt at ‘Jt" C ; its k fractive index® 
for sodium light at 20' ('. is 1 7S2() ; its mohciilar heal of formation 
from its (lenunts is 10a,. >00 caloiies.’ Lead mlrale (l(‘ei-<‘|)ilatt s when 
heated, (hdonatis on led-hot charcoal, and (Ullagiales wlun nibbed 
with sulphur. The aelion of luat upon had mtiate has lu'en ni\csti- 
gated by Ihieheland,® who finds that wluai the* salt is heatid to 35-7° C. 
in an evacuated and sc .d( d gl.iss tube, blown fumes are t‘\olved, but 
are eoniphdely reabsorbed when llu‘ lube is cooled, according to the 
reaction 

Ph(\(),)2--^l'b() -1-0 H ‘JXOg. 

The eonneclion Ixdw'een temperature and dissociation pressure was 
found to be as follow's : 

Temi)erature‘’(\ 22.3 2.30 2.'50 27 1 290 3:>7 148 

Pressure mm. of nu reurv 0 2 0 9 11*8 .3235 784 .51 PO] 180-0 

If, how’ever, the salt is kept at .3.57'“'' ('. its jiow'er of (-volvnig gas 
so as to legeneiatc- the piessuie after e\acualion is mueh diminished, 
until the pressure- attainable falls fiom .511- mm. to 200 mm. Tlic 
residue is now slightly vdlow and is a basic h-ad mtiate of the eom])osi- 
tion .3Pb().‘2N4). of 2l»b(XO,),. PhO After the- salt has been left 
at the same- tempc-r.ituic- m comniumcalion with llu- \aeuum pump for 
ten days its dissoeialion pnssuie falls to zero, wliilst its comjiosilion 
becomes JlPbO N\()r, or PI)(X() ,) r.2Pl)(). 'Fins second basic salt l(>.scs 
all its nitrous fumes at a led heat, leaving a residue of oxide. So it 
is shown that lead mlrale is deconi])osed b\ heat in stages, thus : 

,3Pb{X(),), - 2Pb(X(),).,.PbO Pb(X(),),.2Pb() -V .3PbO. 

The introduction of owgen or lutiogen peroxide* into the dissociation 
tube before the* salt is lu.-ite-d, retards dissociation in accordance with 
the law of mass action. According to Poison, peifectlv dried lead 
nitrate show's no sign of decomposition in a vacuum till 283° C. is 
readied. On account of its decomposition, the melting-point of lead 

‘ Mou'l, liuU Sor Min , 1S‘)0, 13 , IW7 ^ 

* fiaupi, ll'ifw Ahfl lin , ISIM). 30 , lia 

* Ui'tge'is, Zffl'irh phifitikal Chrm , IS32. 9 , 267 

• Lewis, J)i'ifntatwn Jire'ikiu, 1908 , 

* Ee-lpjcra, 'Aiihch jilnu-iknl Chem , 1HS9, 4 , 201 . 

• liotjTanc and llolanel, Zextsch. phy/nKal ('hem , 1896, 19 , 277 

’ Thomsen, Thermochemische U nierauchuntjen, 1883, tii, 337, J. prakt.'Chtm.t 1876, 
[li], 12, 00 

• neickeland, J Amer. Chem Soc ^ 1904, 26 , 391 
Colson, ComiA. rend., 1909, I48,.837. 



LKAD AND ITS COMPOUNDS «I 


ate is unknown. This salt dissolves readily in water ; tlie followlhg 
solubility tabic includes the results of Mulder.* tCreniers,® Michel and 
Kraft,® and Eult r ^ : 




I If. mil per lOOO "laiii'. ot 

Tompemluri' 

• (' 


W il.i ' 


.Siiliil ii.ii 


Miilil, i 



Kii nil 
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0' 

;to 



:5S H 

■27 SO 

10 

it i 
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.>•2 

70 


.•51.71. 
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The density of a satmatul solution at 17’ (’. is I'tO.") (I'inlei), and 
at ‘i.") 15' (’ eoinpaied with water at tin same tnnjx ra tore ** I loS. 

The soluliihly of lead iiitrati- in water is much dimimshid l>y the 
addition of nitric acid, so tiiat its aipieous soliiiion is |>i< {‘ipitati d by 
eoncentiatcd nitric acid. The follow uii; injures sliow ilu mllucnec 
of nitric acid on this solnluht v at ‘ia C. : 

Mols. UNO, per litre 0 ‘J U‘J 1 (it H 77 U-.V) 

Molb. Ph{N().j )2 p( r litre l-0;5 0 :>:5ii 0 1.S7 0 Of‘2 0 0017 

The ddisilies of liad nitrate solutions of \arious stnni^lhs arc as 
follow' : 

ivi mit ]M>(N(),). n 10 ir, lio ‘j*. ’10 sr) 

Hrlftta (• ili'nsitK s 7 “ai r, C . I or, I (Kl.-) lit? 1 JOl I L'llS I II.IO 

(water nt 4 (' 1 ) 

Uelative deiusities'* at 17 .7 V. I lUO 1 OOJ 111 ! I JOO I 21 , ■{ 1 XV.] I 40 t) 

(water at 17 f’ 1 ) 

The solution of lead nitrate in w'ater is aeeomjiaiiml hv lowering 
of temperature; tlie heat of solnliou »)f 1 uu kenli 1*})(\(),)2 u‘ 

^ Mulder, Siht ikutuiitjt 1 nlnnulfUntjui nt ()ntlfiji>kin'iin, nlatii, IMd4, 615. 

“ Krermrs, 7 V «/7 Annolm, |S”)| q 2 ^ 107 

* Miehel and Kraft , Clnni IS.'H, |iuj, 41 , 471. 

• * Kuler, Zcititch. physdal f'htm , 1001 , 49 , .‘111 

* Lewis, l)iM,ierhUtun, lirrilau, 1008 

* OimtninK, ZeiUch, Elektror^m , 1907, 13, 19, 40 
7 Txmg, Wted Atinalen, 1880, xi, .IT. 

* Glerlach, Zeitsch anal Chem., 1888, 37 , 2L71 





’. 422 CARBON AND ITS AlilBS ' ’ 

molecules of water is^ 7, GOO calories,' and of 1 molecule in 980-18 g 6 - 
molecules of water — 8,200 calories. ^ 

2 From numerous estimations of depressions of freezing-point and 
conductivities of solutions of lead nitrate of various concentrations it 
• is concluded that tins salt is not appn ei.ddy hydrolysed at 25° C., but- 
undergoes ionisation in two stag(‘s, thus®: 

(1) Pb(N(),),->Pb^N() 3 V-l-N 03 ^ 

(2) Pb(N(),,r PI) • ^ NO/. 

The extent of ionisation at 2.) 3° V. has been esliniated by Lewis,* 
with the following results : 

. Mol. Pb(N() 3)2 per litre I 0 t ()-25 0 05 0-01 

‘Concentration Pb" ions 0 0503 O OtOS 0 0351- O OlOS 0 0054 
Percentage ionisation 5 10 It 3t 5t 

Warm solutions of lead nitrate are ajipneiably liuliolysed. Thus 
Walker and Aston® (slimated, bv nieasureiuent of t lie inversion of cane- 
N 

sugar, that a solution of this salt is hjdiohsi'd to 0'15 per cent, at 

60° C. ; Long,® however, found only O-l ])( r et iii. hvilroKsis of a Minilar 
solution at S5° C. 

Tli(‘ solubilities of lead nil rati* in aipusius and absolute ethyl alcohol 
and in methyl alcohol are as follow : 



(luims FbtNO.,)^ pel 1000 ^oarns 


w»l\ent at 

Solvent. 

I 

L (' 8 (’ 22 C 40 (' 50 C 

Aqueous etliyl ulooliol’(densilv 0 92SJ) 

4 ‘ .5 S2 S 77 | 12 8 1 14 9 

Absolute ethyl .ileohol “ 

0 04(20 5 (') -- ' — 

Absolute methyl iileolud** 

1 17 , _ ; _ 


Lead nitrate has an astringent taste. It is usid in calico print- 
ing, as a iiiordunt in dvemg. and for the maniifaeture of chrome 
yellow. 

Basic Lead Nitrates. — ^ arious basic lead nitrates have been de- 
scribed. They art* obtained by the action of metallic lead, lead oxide, 
white lead, juilassium IiMlroxule, ammonia, or certain basic oxides on^ 
lead nitrate solution, or by dissolving lead oxidi* in solutions of other 
[jictallic nitrates ; i.c. eitlier bv adding hydroxidi* ions to lead nitrate 
or nitrate ions to lead hydroxide. 

‘ Thomsen, J. praU Chem , 187,5, |iil, 12 , 87 , 1878, fiij, 17 , 177 

I. B^rtholot, Ann. Chnn. Vh^s . 187.5, [\ ), 4 , 1(11 

* Hansrath, jImw. Phyjnk , 1902, [ivj, 9 , 643; von Kudo, Zettsch nnnnj Chem., 1903-, ‘ 
H 162; Lo lilnnc and Nujoa, Zmtsch physxknl Chinn , IS90, 6 , .38(>; Franke, Zeitach. 
mfgikal Chem., 1895, 16 , 403; Japer, Zcihch. phi/nkal Chem . I 88 S 2 , 42; Kohlrausoh 

Gnineisen, K, Akfui U'wa /Wtw, 1961, 1 21.7 

* liewis, Dissertatton, Breehiu, 1903. 

. • Walkw and Aston, Trans. Chetn. Sac., 1895, 67 ; 57j5. 

“ ® Long, J. Amer. Chem. Soc., 1896, 18, 093 
• • Qora^in, Ann. Chvm. Phys„ 1865, [iv], 5 , 129. 

VLohry de Bruyo, ZeUseh. phijsikal. Chem., 1892, xo, 783,^ 
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The following salts appear 1o exist; other j)rotIiiPts ^^hieIl hrtvi' 
.been descijbed arc probably nuxlurcs.^ 

Pb(NOj,) 2 .Pb().TI,()oi Pb(X(), )()!!. 

2l*b(XO,),.4Pb().;jn .(), roniuil.iUd l)^ ner/<liiis aiul Meissnev 
as (iPbt) X.O, ;UI,0 

3Pb(XO,)..7PI.().l. (.ValloO. 

PIhX().,)..V>P1.().11,(). 

Pb(NOj)()II IS pn'pand b\ boiliin; llu uonn.d salt >Mlh an r(pial 
weight of lead oxide .irul u.dii. and ^•o(»llll'^ >\lun il sip.nalis in 
crystals, wliieli me sp.mM'd\ soliibh in eol(l Inil nioie n.idih soluble 
in hot \\al(r ('aiiaui <iio\id(‘ ionns (mi i)<>i..ili and Iln iiornial salt; 
gentle heat (‘oiimiIs th<‘ eoniponnd ini(» i<d !< .ui 

The other sails aie nlilanud b\ llu .lelion ol l4.i(l IimIidmiIc OH* 
potassinin inli.ili solution, or of annimni.i on !< .id nitcih solution. 

In addition to Iln^«. lio\\(\(r, llun an tin* two nilndions liasic 
salts rornied during the e.m rnl ignition of solid lead nihali‘.“ \iz. 
2Pb(X()d. VhU and PbiNO.l. gPbO 

A eoinpaiison of llu solnlnlil u s ol K.ul mli.ilt in witir and in 
jiotassnim .iinl sodium niti.di s4»lulions .is \\t II ,is a sliuh ol’ I he i’lee/ing- 
points of Hie simplt .ind iiiixmI sohiHons, h.uls lo iIk i oiiehision that 
lead nitrati eonibni' s with .ilkali nili:il<s in st)l ilion lo roini eonijilex 
ions, such as ( K Ph\( ) j) so I h.d a i< .u I ion. such as 

Pli(X(),)o 1 KXO,-‘(KlM)Xt).r . gXO,' 
takes ])l.iee in solution ^ 

Lead niirale j'orms wilh Ihioniia llu eompouods ’ 

• Pb,((‘hX,lI,),,(X()d, .nul Pl»i( .S\ 

and with pyiidine Pb(X(),)j -t’.H.X.' and PliiNO,), .'U'dlrX.** 


LK\l) \XI) IMIO.SPIIOltrS 

A .sup])Os(d aliotr(»pi( loini ol phosphoius. known as “ IlitlorTs 
phos])hoi us,’’ IS obtaiiud in .1 eiNsl.illiii'* condition bv the piolongcd 
heating of phosjihoius with had 'It has b< 1 n shown bv Liiiek and 
Mblh r ’ that tins snbsl.ine< ni.iN (out. on as nineh as halt its wa ight 
of lead. Xe\ ( 1 1 h( h ss I lu M jsiuM\id4ne< of llu foi mat ion of a di finite 
phos])hide of had in Ibis w.i\ l>\ pHcipilatmg a solid ion of lead 
nitrate in lupiid ammonia with a eonespoiulmg soluhon ol rnbidiiiin 
phosphide, Ilb^IL,. lead phosphide tmnud as a oadiK oxidisable 
black jiri Cl pit ale, h.i\ mg the eomposil ion I’bP.. Win n I Ins eompoiind 
is heated in a \aemim it loses all its phosplioiiis ; i( hiiriis spontaneously 
in the air, is slowly attackid b\ wal(i,gi\is solid liMliogf n fihospliidc 
and had salt with dihd<' ai'id, but with dilnl** nilue .leid yu'lds lead 
niirale aiul phosjilioMe .leid.*’ 

‘ Wakenum .tikI Wi'lk .l//ur Chim /, lHs 7 , 9, Jaii . ,sii,,mij..lrn, ZniMrh anorg. 
Chpm., ItMM, 38, 444 

“ HackHnnd. ./ Ajinr.Chnn Sn. I'Ml. 2 O, TM 
•• finyo-*. /jnls(fi J}h}f<iikn{ ('hnn . ISS'I, 6 . Li w M. IJo/ihu, 1 U 06 , 

* .lt4}.s<*ntu’im .mil Mev« i, Zc'/ifA tiimrif cfniu. I'M'il 49, IS 

* Pincussohn, Znt'^ih. muWq. (%ni , ls*> 7 . 14, .{Til 

• Wemer. 'Ani^rh nv<trg (%in , 1S97, 15, Hi 

^ Luick and Moller, lirr , 11108, 41, 1 tat. 

• Bossuct and Hackapill, Compl. rend., 1013, 157, 720. 



■ CARBON AND ITS ALLIES 

Hypophotphite, Pb(IIjPOj)„ is obtained by dissolvinif lead 
•‘ypopliosphoroiis acid, and crystaUising 

• mn/ m'i’- • ^*1“ rhombic pnims, and is ™ ch 

more soluble m hoi water llmii cold. Like olhet hypophosohitTs R 

i-i 

r -i,!: 

ijSo C‘arb(»n;il(‘.2 \V)u*n hviUvd iL is c-cinverted 

f227 TOoSmJ s el’'* liom .Is elements 

pbS?p 

Kw ^* 1 ^ Orthophosphate, Pb ,(PO,),.- -The t)(>rtnal salt is preeioitated 
by adding a dilute ae.lie aei.l solnlioi, „r |..,u| aeelale to exXof a 
boiling soliitiiiii ol sodiimi livdrogdi phospli.itc.' If the iiiecipitalion 
takes place ii, the eold Pl.ilPO. is foriiied. I,,,, is eh iiffl u ^ 
norjmd phosphale by lengllieiud boding willi walerr.; t hriat I, r salt 
IS also slowly h\ i rolysed by boiling Lead phosphate is a vellow 

mnorphoiis poadei. «hov solnhilily in aal.i ainoiiiils to l-«(i x lo-’ 
moluiih’ pel hlie. I| dissobes in eanslie .dk.ili solution. 

Lead Monohydrogen Phosphate, PbllPO,, is fornied by adding 
phos|)hoiic acid lo boiling lead nitrate solution, and bv heating lead 

v?r7sMlv‘or',' ‘ ■■>-•'>-><•'-0 priJil^l 

PbKPn * ‘m. \ ’in.''‘ '‘'‘'’"“f •> <lensil> of iliOI. 'J’lie salts 

PbllPO {*''(IU’(),)„ is obtained by dissob iiig 

4 I><‘r i)h()s|)Ii()nc and, and crvslalhsinLr the 

iS sblidel). """ (Alders 

salS,('wl"pf,(SVi^^ ’’y 

'^c salt d'Pbj(P(),) 2 .i*bt’f^ occurs natiirallv as iwnmwtvhte and 
lt"forn'’7'r‘ '>y healing ils conslituent salts bigelher.® 

■" “»» 

Ihe crystalline coni|>ouiid 21M)(in‘(),),.Pb(NO,), is formed bv 

the evaporation «t a .solution „f Pb,(P().), in nitrie aeidi^; and 

,2,* “■ «, 2 »«. VVurtz., Ann ri,m n,j,.. 18 J 5 , t„.], 43, 

IxLtc^A 1807. . 3 *, 489;’ 

» \Viirt7„ Ann Chxm Phy^ , 18-lfi, [iii|, i6, 214 

, • Cavon and Hill, J. Hoc i'hcm hul , 1807, i6, 29 

A. do SchiilttJii, liuU Soc. frujif MinM,, 1901, 27 100 AMora ami '•ita.hin,. .k't 

J® Ditte, Compt teiul., 1883, 96 , 846, 1227. 

I. Phjs , 1886. [vi], 8 , 632. 

^rzolius, Ann, Chim, Phy<, , 1816, 2 , 161. 



LEAD AND ITS COMPOUNDS m 

Pb3{P04)a.Pb(N03)2.2ll20 is precipitated when an insufficiency bf‘ 
sodium phosphate is added to lead nitrate solution. The latt(T may 
be crystallised from nitric acid and yield'? the basic salt rb3(P04)2.PbO 
on ignition.^ 

Lead Pyrophosphate, is pucipitaled as a \\iut(‘. amorphous 

powder when a solution of a [)u<fphos})liate is .uldcd to a lead salt 
solution 2 ; and is also oblaim d whin le.id oxide is fused u illi potassium 
rngtaphospliate and the mi ll is extraeti'd witii waltr.-* \\ .ih r-\apoiir 
at 280°-i*K)U° C. coiiMits it iiiln (»rthophosph<iti .■* Various ludrales and 
double salts of lead py I opliosplial I Ii.lm Im ( n d< s( i ila d ll is noteworthy 
that th's salt sliows sohtth tuidine\ to pass into oithophnsphate. A 
hydrate of sodium pyrophosphat»- would piolxibly be impossilile. 

Lead Metaphosphate. -The h ad iiu taphosphates .ippt ar liist to have 
been invi'siigatid by Fhitmann and lli'ina b« ie,r* wlio diserilad two 
salts : the “ dinu ta})hosj)hate *' Pb^PjOj^, and tlu‘ “ timu'tapla^sphate ” 
PbaPflOjg.all/). Thesul)jiet was turtlur inv esi iL,Mted by \ on Knorie,® 
and later by Waisehaiiu,’ who has u.iehed tin* followmi; t oiielusions : 

Two forms of lead me taphos]>hale can be pioduecd, wlni-h are the 
same as those di'seiiixd by Khiim.inn and Ihnnelxig 

The lirst is obtained b\ luatin^ tin nsaliu' foinud by evaporating 
the solution of a h ad salt in < \ei ss ol ))h<<^phol !<• aeid to a li inixTulure 
not exeeeding 100'^ C. It consists of sm.dl shining ne(dl(s which are 
distinctly soluble m wati r, and is idmlieal with Mi ilmaim's dimeta- 
phosphati' Pbd^iOi 2 Waisehauer. liowivcr, ngards it as had tdra- 
meta])hosphate, deiivid fiom li liana laphosplione aeal, 

Tlio second salt is oblaiiad b\ la .ding lla sana* u'^alue aliovc 
400 ° C. so as to fuse it, and llan allowing it to cool slowlv, so as to 
become^ ervstalline. It is ahntie.d with PIeilm,mn‘s Inna lapla>sphate, 
but is regard( d as the had salt of la \.ma tapho^phoia acid. 

The idi'iitily of these salts was tslablislad by dt eoinposing Ham with 
sodium sulphide, so as to obtain lla ( oi responding sodmin salts. 

Tla* cooling curves of fused mixtuus of phosphone o\al( and h .ul 
oxide liave been studied bv Kroll”; and thus tla exishnee of tla‘ 
follow'ing salts has Ixcn shown- tla* pMopIiosphali 2lM)() I* the 
“ aiiortho[)hosphalc " ;>Pb0.2l\tlv the orllio])hosphati iHMiO P.^Or,, the 
tetraphosphate tPbO. tla- oel.iphosphate Sl^hO P^tb,. 


LEAD AND AHSEA’IC 

The fre<’'/.mg-})oint cnrvi of .i mixinie of h.al and arsenic has Ixcii 
examined by lleyeix'k and Neville,'' and also by Dt scamps w lio was 
of Of)inion that lead foims s« v < i.d comjxiunds with aist me. Ei a diieli,*^ 

* (torhardt, Anmilev, 1849, 72, 8.') 

* (ierhtiidl, Ann Chun , ISIS jiii|. 22, .'ill.') 

® ()uvraril, ('mnpt rtnd , ISUO, no, i {.W 

* Reynoso, ComiA, mu! , 1S32, 34, 

* Fleitinanii an«i Unux-lKTu, Anmihn, ISIS. 65 , :mu , Me if maim, Pntjij Annakv, 1849, 
78, 25;?, 353 

Von Knorre, Zcilsch anorq Chi.in , 2 ^, .'Jfi'l 

' Wanschaiier, ZcUnch anarg (Jhtm , 36, I.JT. 

» KioW, ZeiUch anorg CArr?, 1912. 78, 9.5 ; hw alwi anmg Chem., 1912,77,1. 

* Heycock and Neville, Chcni. Npu% 1891, 62, '280 
III Deacamps, Cotnpi. read., 1878, 86, 1022 

^ Fnedr'ich, Mctallurgie, 190G, 3i 



.4Sd CAKBON 'AND ITS ALtlfS':'' ,t 

hdwcver, who has prepared alloys of lead and arsenic containing 
81-4 per cent, of arsenic, concludes that there is no evidence for thd't 
exi'.tcnce of any compound of the two elements. > if 

^ad Arsenite, Pf)j(As()j) 2 , is obtained as a white precipitate on,., 
adrling an ars< nile solution to an allvalme lead solution. When dried 
in tile air, it bt'eomes ^r<‘\ .lud blaek, which is allributed to the reduction ' 
of the lead t(» siif>o\id<‘.i 'I’his salt is sJijrliLly soluble in water ^nd 
easily soluble in eaiislie soda solution. 

Ihe p\roars( *21*1)0. As/), or l*b. 2 Aso() 5 , is a white powder 
formed by (h‘eoinposui«f ueiih.d lead acetate solution with amnioniac'al 
ansenious o\ide solution.^ 'I'lie |)yioarsenite is also formed ,bv the , 
combiiialion of arseiiious o\id( \.ipour with l(‘ad oxide.- 

The metaisenite 1*1)0. As. (), or l*b(\s02)^is formed from a hot' 
saturated solution ol arsimious oxiih* in ammonia, and a neutral lead 
salt solulion. It forms luieroscopic prisms, \trv shghtiv soluble in 
water. 

Lead Orthoarsenate, l*b ,( AsOj)2, is pr<‘eipibiled as a wlul(“ pow'der 
wile'll ordiuarv s(»i|ium .ii senate is addul to lead ae(tate solution. 
When lu'aled near its nu It iuir-])omt it turns yOlow.-* 

Lead Hydrogen Arsenate, l*bIIAsO|, is forme d as .i while*, s[)anngly 
soluble, er\slallme* pe)wde i bv the aelie)n of dilute niliic aeid on the 
normal .salt,'* b\ (lu* [)re»loni;ed aelion of arse’iiie aeid and air upon 
inetallie le-ad, eir l)\ de ee)mposiMif a lead ml i ate solution with 
NjigUAsO,® or arse‘me aeid. 

Lead Pyroarsenate, is ohlaiiud by preoipitaliii" lead 

acetate soluUoii by seielium pyieiaise-nale*,® and by fusiiur loerethiT lead 
oxide and potassium m<'tarse‘ii.ite*. In the latte i ease* it feirms col(>url(*ss 
lume'lla*. 

Tile* mineral tntmciite has the ee>mpe)silie)n .*Jl*l).,(As(),)2. PbClg. 

It may Ix' pre*pare‘el arldieially by fii.sing its ce)mpe)neTit salts te^ejedher.® 


l.KAI) AND ANTIMONY 

Lead Antimonate. - A while* juveipilate of lead me*tantime)natc 
is fornuel whe n a sedulieai e)!' aiitiimmic aeiel is aetde'el to erne of lead 
acetate*.’ .Xtler diMiiy m the* air this pn eapitate^ has the.* composition 
Pb(SbOj,),j.()II /), but wlien (liie‘d eive-r .sulpluirie aeiei it le)ses TIKO 
loaviiijr Pl)(Sb(),) 2 . *211,0, whieh mav really be* PbllSbO^.H^SbO^. 
The pigment kneiw'ii a'* NapJes prihnv is an antime)nati* of lead contain- 
ing exee'ss ol lead eixiele*. It is prepaieel l)y heating just to fusion for 
two hours ] part of tail.ir emelie, ‘2 parts of h'ael nitrate*, and 4 parts 
of sodium ehleaieie (Brnmier), eir l)y lu'atiiig 1 part eif potassium anti- 
monalc w^ith *2 parts ol reel le*ael (Cuiiiu't) The* preielucl is washed with 
water, and a line orange or >e*lle>w' pigment re sults, which is employed - 
in oii’painting ami feir staining glass and |)orcelam. *' 

• Riolieiiet, ]Ser ^ 18W, 27, lOlU 

' Simon, 'Pof/f?. Anmlftt, 1837, 40, 41 1 
* ■* (liuliain, /V/// 4nmhn, 1834, 32, .ll. 

• Duvillicr, lit* , 1878, 9, 189., • 

• Pickonnir, Tiaju. Chetn, Hoc., 1007, 91, 310. 

• Lochaitior, Compt. rend, 1867, 65, 114. 

’ 8onder(iQs, Brtll. Soc chnn, 1899, [iiil, 21, 57. 



LKAl) AND CAUDON 


Lead Carbonate, PbCO, -The luituml form of k*jul cwrlwnatc 
is cerussite, whicii occurs in rhombic crystals isomorphons with 
aragonite, CaC’O,; strontiamli*, Sr(’()j, .‘tiul witlnuic, Ihit’O,. Lead 
carboniitc is also a constitncnl of phnsifnitic. PbC O j.Pb('L, iiiifl of 
leadkilliti'j 2l’l)C'(),.PI)S(),.Pb(()Il)2. Tin normal salt mav be pre- 
pared artilicKillv by la'ccipitatmg a <‘ol(l soluimn of lca«l acilato 
or nitrate ^mUi ammonium cailMiii.itc, or in p.issiiiLi carbon ilioxidc 
into a dilute solution of hsad act'latc. If foimcd snilicuntls slowly 
lead carbonate scp.nalcs m tin- cixstalliiu- sl.ile ’ It has been 
shown by Altmann,''^ howexer, that a basic cailion.itr of the 
C0ni])os]tion of whib' h‘ad ‘JPbt’O^ Pb(Oll)^ nia\ also bi pricipi- i 
tated. Its formation is iha^ to the pn mous h\(ln»l\sis of the lend 
acetate, xxhich is juoniotid by ihhihon and raisini: tlie tcmpciatmc, 
and especially bv caiTVing out the ivaction at KM) (' undir a lelhix 
condenser, so that xaponnsul acetic a<‘i<l <Mn (scapes Kioiu lead 
nitrate solution caibMii.ite is not pr( ci]utal« d b\ c.ubon dioxide. 
Cryslallisi d lead cai bonab 'Mi.is a densitx ofb 17, that of the amorphous 
salt being (i-lIJ 'Phe mohcnlar lieal of fm mat ion of llu' erysialhsed 
salt from its elemcnis is ](JU son caloiies (Thomsen M or HKI.TUO calories 
(Pert helot’’) Lead carbonate is dissoei.ilid b\ leal in the suise of 

the reaction : 

Pbro, — PbO d (Oj. 


Aceording to 1)< l>ra\ Ibe naetion is not Kvtrsible, but t'olson^ 
has shoxMi that the nliile o\id( Ibinied bx tin dc composition oi lead 
carbonati, PliCO,, at as low a l(mp(ialnie as possible al>soi bs c.irboii 
dioxide ri adilv, t lioiigli 1 In* x ( ll<n\ oxidi leu meel bx In at mg the carbotiiilc 
to C. h.is not this piojieitv, juob.iblx because* it is polymerised. 
Thus the reaction is rexeisible if tiu dislmb.mee due to pnix mei isalion 
is ehmni.ited , and a litih* wabr-x apoiii lias been foiuiil gieiitly to 
accelerate -t lie eslablislime iit of eepiilibrumi betwieu lead carbonate 
and its dissocnition juoduets I’he following an tlie* dissociatioii 
pressures of lead eaiboiiate whe ii diy and also whe n moist 


Tcmjieratiirc *’ C\ 

Dissociation Pressure, mm llg 
(dry) 

Dissociation Prcssuie, mm. Il»/ 
(moist) 


1st 

210 

2.*’»0 

2S0 

2S.'>. 

10 

;i2 r, 

102 

rt\H 

7(50 » 

12 

:y.) 

lot 




Lead carbonate is xiry slnghllx seilnble m piiic xxaler; 1 litre of 
water dissolves OOOll t.> ()()017 gi.mi Pbl ()/> at 20 according to 
measurements of cle'ctrie eoiuliu lix itx . I lien* is no bxdrolvsis below 


‘ Fr6my, Compt n ml . ISbh. 63, 71 1 Dm nn.iiiM, .ln’ialai, 87, 120 

* Altmann, Zeil'>fh nnoiq ('hm , 1**07, 52, Jl'l 
» Soo Falk, Chrm. Zi M , I'HO, 34, 11.57 

* ^hoitiwn , prakt ('hem , IShO lii). 21, it 

‘ Bcrtholot, Ann ('In in I’fn/i , 1K71, 1% |. 4, J7K 

* pebray, Coinjit. rend , 1H78, 86, 'ill 

-■ ’ CioLsoif, Compt, rend , I90#l, 140, H05 

* ColBoa, CQmpt. rend , ItMH*, 837 

* KohlrauBch and Husc, Zeitsch, phyetkaL Chen>. 1893, 12 , !Wi , l^ottgor, Zeitithi 

Ohem., 1903, 46 , 002. 



4Sd8 CARBON AND ITS ALLIES " . 

76® C., but at that temperature the water begins to show an alkaline 
reaction ; and if air free from carbon dioxide is drawn through the 
liquid so as ti) rcin()\'e the liberated carbon dioxide, the carbonate is 
changed into the basic salt 2lM)C03.Pb(011)2. 

Lead carbonate is much more soluble in water containing dissolved 
oarbon dio\i(le than in pun* water, as the following liguies show 
(Plcissner ’), / 1«"C. : 

Mgms. CO., perhi!(‘ . 0 0 2 8 5* A lA A 20-0 AS-.") 1-06 

-Mgnis. PbCO , |)er hire . 1 75 0 0 7 0 8 2 0 1) 10 9 15-7 

The inleraelion of had carbonate and .solutions of alkali carbonates 
has been iu\(‘sligate<l U\ Aueibaeh and Pick.- 


IIASIC LKAD CAUHONATKS 

Various basic eaibonatcs of lead ha\e bien descrilxd,® but only 
three aie <hiinii<l\ knoun. PbCO,. Pb(()ll)2 occurs as a mineral in 
Sweden and Seolkmd , ^PbC(),.2Pb(()I^).2.Pl)0 has l)i‘( n prepared liy 
Stromliolm * by the action of dilute sodium caihonati* solution on lead 
liydroside. 

2PbCO.,. Pl)(()n)j,, together with moit* or less noimal carbonate, 
conslilules it'/nlc lead. It is, then fore, the most impmtanl of the 
basic carb()nal(s of lead, and tlu* cstalihshment of its chemical in- 
di\idualitv is important. 

This has luen done bv IlauhT,'’* who l(fl mixtuivs of had oxide 
and carlionate m \arving proportions in contact with 20 per cent, 
sodium acil.ile solution for twelve to fourteen hours. After tins time 
the solid phasi' was found to contain a delinilc conipoimd of the com- 
position 2PbC’()3 Pb(()ll)2. Salvadori® found, loo, that when lend 
carbonate, pncipitated from c<»ld lead nitial(‘ solution by annnonnim 
carbonate, is boiled with water for souk* timi‘, hvdiolvsis procerds as 
far as a product Ihivmg the composition 2PbC()3. Pb(()n)2. The fact 
tliat till' basic eaibonate formed by the action ol air and water on 
metallic lead iiossesses the same eonqiosition is additional evidence of 
the dclimte charaelerof tins coinpound. Kiiston.’nev'erlheless, belicvTS 
that the basic carbonate is not a true compound, but an adsorption com- 
pound of h'ad eaibonate anil lead hydroxide. 

White Lead. — I’his substance was known to Theophrastus, Pliny, 
and Dioscoridis. Theophrastus disciibes its jm jiaration by the action 
of viiicg.ir on lead, and Pliny mentions tJie same pioeess. The Latin 
Gcbcr also gave an account of its manutactnre by the action of the 
vapour of vineg.ir on lead ; and until Hergmami, in 1774, showed that 
white lead is a compound of lead calx and fixed air, this substance 
was su|)po.sed to be a compound of the calx and vinegar. 

White lead was known as by Theophrastus, ccrussa by 

Pliny, and luft-sawer hlei-halk by ncrginann. 

‘ Pk'issni*!, AibdUn Ku>i<rrl (ipsundhcxUvimtef, 1907, 26, 3S4; Chem. ZtxUr , 1007, 

, li, 1055. 

* Auyrbdch «nd Pick. Arbeiten, Kai»nl (.hmindheitmimte, 1913, 45, 113. 

* Rose, Pogg. Anxwlvn, 84, 52 , I8.55, 95, 284. 

* Btromholm, Zcitsrk. anorg CAem , 1904, 38, 429. ^ * 

® Hawley, J. Physical Chem , 1906, lo, 6W. 

' Salvadori, Oazzetla, 1904, 34, i, 67. 

’ Euston, J. Jnd. Eng Chem,, 1914, 6, 202, 382. 



LEAD AND ITS COMPOUtffiS 'M' 

‘ • Various processes have been employed for the manufacture of 
white lead. 

1. Dutch Stack Process. — This is ilu oUhsl eoiunioreial process for 
the manufaciuiT of while lead, .mil it is Imsvil ii])on the reaelioii which 
was known to tiie Ancients. L< ad sin els. lolhd into spir.ds. are lodged 
vertically upon lline ]m>|ielions lisul at one-lhiid of the way up 
conical, j^hi/ed eiulhenw.ue jiols. anil are ei>\»rid with le.id plates, 
after the jiols h.i\e lieen lillid to oni -hmrth of then deplli with \me<^ar. 
Thfisc pots are pl.ieed upon horse-dunii in .i shid. and hy tlie use of 
boards are pih'd tier njion Ini Within foni i»r li\e wiiUs lh< ‘^leater 
portion of the had h.is hem eoiiMitul into wlnti h'ad hv ehi nneal 

* changes,* th(‘ eouise ol wlueh is as follows • 'I’he 1\ inu ntiitue oxidation 
of the dung hhi rates Inat whieh v.ipoiisis tin ae«lie aeid ; and this 
vapour, in eonjiinetion with an, tomtits the had into l).iMe aeitiile. 
Meanwhile earhon dioxiih has ht < n L'»ini.it(d h\ tin fi i ineni ation of 
the dung, .mil this togttlnr witli w.iti r-\ apoui .lels upon the basic 
aC(‘lale, eiimeilmg it into whih h.nl oi liasie e.iiluai.dt. .md nomial 
acetate. 'I’liis latter h\ fmllnr aelnni itf i.iilion dioxnle is elimged 
into white liad willi hlnr.ilion tifaitlie .leid ; and iln lihtr.dtd acid 
then attacks fresli lead so Ih.il tin pioeiss i^ upe.ilid. 'Iln white 
lead IS linally itnioMil from .m\ mii.miing “ lilin " m nnlallie lead, 
ground willi water inlt> .i p.iste, w.islnd so as to removt* tin soluble 
acetate, and then lined 'I’lu |)ioeess ofiliNing I be It ad pulp is .at I ended 
by risk of poisoning to Iln* wtnknnn ; ainl Mint tin pitubiel is usiiall}'^ 
to be made into a paint, it is mixed with tnl while wtt, aeeoidmg to 
Ismay’s jnocess,' and agit litd ni a “ pug mill,'’ which siparales most 
of the wutir. tin n m.mnh r hung ihminabd l>v siirionii.liiig th(‘ mill 
with a heating |aeket whilst a ji.ntial vaeumn is niMinl.mmi 

2. Slad. 'rius nntlnul tlillt is fiom Iln Duteli 

method in the snlisl it ntion of spent l.miur\ baik foi sl.dile manure 
and dilult pyioligin ttns aeid for Min go 'Phe had alstt. instiad ol 
being III sliei Is, rolh d into s]»ii.ils, is < .ist mlt) sli.ips wlin li .'iit' laid on 
till' pots .VI the md of tin pmetss. winch is lallni mon hnglhv 
than the Dlileli pioetss. tin whit* hath wliieh pn si i \ t s tli< sh.ipe ol 
the strap, tlioiigli Iln bulk b.is ineie.istd, pitstnls a wbili, pou i lam- 
like apin.u.mee; and wlnai the mass is bioken a linn core of lead is 
found williui il. ^rin piodiiel is now iiuslnd and sn vtd, wlnieby Ihe 
lead is llattemd out and stp.ualtd from tin eaibonatt' .Aflir washing 
and drying the pigment is itad\ foi tin m:nktl II llie while lead 
shows a \ellowisli lint owing to staining fit'ip Iln baik. tins is eoimlir- 
acted by the addition of a miiniti (pianlilN oi Ihnssi.m blin orindigo. 

.3. Clunnhn Puki^*^. 'Pie elnmistiN uf this pioeiss is siiiiilar to 
that of the foriin r piocesst s. but tin* usi ol dung or Ian is dispi used 
with. A usual conlment.d jiiMetiee is to hang thin stiaps of learl 
over a niixlure of vmeg.ir and wiin-h<s in ho\« s Inated Ioo0’( and 
.then to mlrodnce carbon dioxnh . The pioeiss is quiekir than the 
Dutch jirocess, anil the jirodnet eonseipimtly siifh rs somewhat in 
qualitv. 

According to a ])atmt process.^ the fi rmeivlaf ion gasi*s escaping in 

• the manufacture of spirits an em))h)yid for tlu manufacture of white 
lead. ThiNc gases conlafti water-vapour, carbon dioxide, and a little 

- alcohol. They arc driven by means of comprossid air into a special 
^ Eng Valeiil 23,flC9, 189.) = (hrman ruUhl 151. .'iit 



'Camber, where the alcohol is oxidised to acetic acid, and' thence' 
the chambers containing the load. 

In (!ookson’s Chamber Process * straps of load arc suspended in 
series of eliamlx rs. and all tlu* necessary gases - carbon dioxide, oxygea^ 
watfT-\aj)oiir, and aeetie acid vapour are generated se])arately and 
introduced into I he eliambers by means of pipes in the lloors. Perfect 
control of both leinptiatmv rind gases is obtained, anil the product 
IS very while, Ixing entir<‘ly frei fiom eontamination with tan, etc., 
which so freipiently oeeiirs m llii' old stack pro(*ess. ' 

4. Ficuch Method. -According to this mt thixl, wliieli was originated 
by Thenanl, lilhargt* is ilissoKed m pyroligneous iieul of l-()50 density^ 
basic lead ae< Ijite being pnxbieed m solution. Carbon dioxide is then 
forced through the solution by means of ;i tan; and this precipitates 
white lead, leaving neutral aeetate m solution, whieh eaii afterwards 
be made to dissolve more lilliaige so that lli(‘ [iroeess of carbonation 
may be ri'pejiled. This proeiss has undergone several nuxblieations.® 

.5. Anirnani Method M< lallie lead m a molten eondition is broken 
into line spi.iv vvbieli is bioiiglit together with acetie aeid into rotating 
barrels.*’ Filhied eoinlaistion gases are blown with steam through 
the liarrels for s( vin dnss, and the vvhiti* l(‘ad thus piodueed is washi'd 
l)y means of water fiom the imelianged nutal. The ehi'imstrv of the 
pnxTss is (ssentiallv the same as that of the preeeibng pnx'esses. 

U. IS) otunn's Method.^ Fresbl> precipitated lead sulphate is warmed 
with eaustie soda to TO" so that a basic sulphate is formed thus : 

OPbSO^ -{- 2Na()ir -- - 2PbS(), PbiOH). 1- Xa,SO,i; 

and will'll this product is waimed with sodium earlionate solution 
white lead is pnxlueed, thus : 

2l»bS04.Pb(0JI)^ d- 2Na(’03 - 2P])a)3.Pb(Oir).^ f- 2Xa2S04. 

7. Miltier\s Method .^ — Tlie process of Dale* ami Milmr consisted in 
grinding litluirge or any insoluble had sail Ix'tween millstones with 
water and sodium laeai bonate* ; but tlx Milm r pioeoss introduced 
as ail improvement consists in grinding together for tliK'c o.* four hours 
4 parts ol litharge, 1 part of (oinmoii salt, ami 10 parts of w*ater. The 
mass graduallv swells ii]) ami lx comes white and pasty, there being 
produced a mixture of basic lead chloride and eaustie soda. Carbon 
dioxide is then ji.issed Ihrongh the paste with constant stirring until 
its reaction to litmus is nenlr.il, the liasie chloride thus being converted 
into basic carbonate. Too mueli carbon dioxide would spoil the 
product. A somewli.it similar process is that of llof,® in which lead 
oxychloride, together w'ltli magnesium oxyehloruU', is produced by 
dissolving lead oxide in magnesium chloride solution. The former is 
then deeomiiosed by carbon dioxuh' with the forin.atioii of white lead. 

8. Bischof's Method . — This proei'ss,^ which is carried out at the 
works of Messrs. Moiid at Primsdown, Middlesex, consists in heating, 
lithai'ge to 250°-30()° C. in a stream of water-gas, whereby it is reduced 

; * See Umo liead m Maniifaciured, by Cookbon and Co., Newcastle, 1910. 

* German J^atent , Amcr. t\UentioO,5H ; Gorman Patent WS, SOU, ' .w 

* Wintclcr, Xnf/irh nHgrw. Chem , 190.1, i 8 , 1179. *’ 

* Otrmaii Patent ri2.2<)2. , , * . ^ 

« Bnff. Patent 4053, 1875. * ^ 

* Hof, Ohem. Zcit , 1900, 33 , 1077; Zeitnch, anorg, Chem., 1913, 8 x, 40. 

’ Oaro, Verb. Vereuis Beforderung Qewerbfleissea, Berhn, 1906. 



^J^.'a t>l^i^ suboxidc which is converted into a ycJlotv hydroxide 
'3^atcr. Carbon dioxide then clian^fi-s this hvciiox de into whiii‘ lead, 

9. Electtnhflu' Mrihuds.- Tin- piineiph* t if t lieu* iiieihods eoii.sists in 
prodneiiifT lead l>\dm\id( hv (Kelrul\he «'\id.dion of melallie lend, 
which is tlu'n e.irhoii.iti (I 1)\ tlie jMsviLi< tjl'iciibon d oxule ihron'^li IIk* 
clectrvlytie cell. In a (J< rm.in pitiecss .i I .j per eent. juju oiis sdlnlion 
of 80 ])arts of scnlnnn elilor.ih*. ami ‘JO pails ef so i.um (‘aiboiinte, is 
clectrolvsed uith an anode (jf sof! and .i ealliodi' of liard lend; 

the fleet ruh I e IS pi shtrhlK .dlv.diia . and eailMiii dioxide is iiassed 
through the solution. 

Ill a^ Fri'iieh proe( ss ' a 1 jar euil s<iliihon ol sodium chloride is 
clcctrol\scd \mII\ h'ad deeliodis. wlnlsl a (Uiiinl of eaihon dioxide 
is passul lliroui,di llu' solution to pneipitah* uiiiti^ had J'lom the alkali 
plunil)it(‘ Ibinad. 

Prnpr/firs nf White Lend Whili' h.id'is an eailln. h(a\\. amor- 
phous po\\< lei, \\ Inch is ainniMhi lla mieiosi'opc lo (•oii'^ist of romuh'd 
or o\al plains or(ham<t<‘i vaixne^ latwten 0 0001 and OOOOOt- inch. 
This ])iiri)unl is \alu(d on ae(‘ounl nf its (‘o\iiin'i powii m wlin^li il 
iTiiifh excel (Is /me mIuIi oi harxla whil . li is, howevu. r.ipidly 
bhiekinedl)\ ludiom n sulphide, .md llu pvoduel has lh< eonipr»silion 
.m)C(),.Ph.s phioinj^ 

The eoMiinix jiowir d(']>ends upon tin diiisily; the ^nialii the 
density, the smaller the amount of oil ah'.oilu d and tiu' more opaipie the 
pigment. 'I’he pn seiiee of h ad iiNdii»xidi m Ihepniment has hieii found 
by expeinnee lo lx essinti.d and the manr tin' eomposihon of the 
whit(‘ lead approximates to t hat ol I h< h.eae ( ai honali ‘JPId’O , P))(( )ll)j 
the betti 1 is its (jiiahlN . \\ Inn tin eomposil inn appioximali s lo that 

of the #ioimal e.iihonale the jneminl e. iisehss. This is shown in the 
folloNMiig li'aiies 
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White' Lead Siihdifuie.s.- Whili h.id is fn<pi<nll\ mixe<l wilh the 
much chiaper hea\y spar, oi willi g\psum Cirtam iniximes of white 
lead and lieavy spar are of ti c-hmeal impoilaiiei . Thus J'eiieliau white 
is a mixture of eipial parts of while h ad and liarium siiljihale, llamhutf^ 
■while of 1 part of white I'ad'and ‘J of hanmn sulphate, whilst Dutch 
white consists of 1 part of while had to 8 of haiium sul})hate. 

Owing to the poisonous pioperties of white lead attempts jxre con- 
tinually being iniwlc to utilise other lead salts for })igiiifntary purjwscs, 

„ ^ French PaUnim,m. "• ' 

' ' * Haoher, Chem, Zeil , 1910 , 34 , 047 

• WaiBB, MonaUchr. Oernerbe- Vrrnn^ K6fn ; also DiwjWs polyfech. J., 107 . 1 , 208 , 




m . CARBON AND ITS AUIES ' ‘ . t 

byt hitherto with imperfect success, for the products 'do not posse&s * 
quite the same “ body ” and smooth-work inw properties as genuine 
white lead. Thus Pa1tinson\s white had was the basic cldoride 
PbCl 2 . 1 *h(()Jl) 2 , tlie pigment gahnite is a basic sulphate, and 
Ilannai/f! white lead is the sulphate* m.ide from galena, which is said 
to possess eorisuh lable covering ]>owt r.^ 

Lead Formate, PlKCilOjj)^ or Pb( 0 ()(il) 2 , is ])re})aied by dissolving 
lead Ciirbonat(‘ in formic acid solution, and rc'adily crystallises in 
rhombic prisms ^ from the hot liquid. Anhydrous formic acid^is 
obtaiiK'd from the crystals by dt eomposing them with hydrogen sulphide 
gas. Wlien the dry salt is heal(‘d lo 190'^ (\ i( decomposes thus ® : 

Ph(CTl()2), - Pb + 2C’02 + H.,. 

Lead forniale shows eonsideiabk* tend(‘nev to be h\diol\s('d in 
solution, and the following basic salts are loiiiud by causing lead oxide 
to react with solutions of tlu* normal foimate under different condi- 
tions'*: Pb((’II().,),.lM)(); Pi)(riI() 2 )>.‘ 2 Pb(); PblCIlO ,) 2 .;JPbO. 

Lead Acetate {Su^ar of Lead), l*b((\ll;,()2)2-*lll2^^ — 
been known foi four or fi\c hundied \ ears. It is jm'pnrcsl by dissolving 
lead oxide in aei lic aeid, and is fornusl slowly by tin* n(*tion (»f acetic 
acid and air u])on lend. 1'li(‘ tiilivdratc forms monoelimc cr\slals,^ 
isoniorplioiis with those of b.miini and zinc aeitates ; it has a di'iisity 
of 2-50.® Th(' hydrated salt easily loses water when gently heated, 
melts at 75“ C\, and at 100“ (!. loses act tic acid as well as wat(T, gi\ing 
rise to a basic salt. The following arc the acpieous vapour pressures 
of this salt at diflerc'iit temperatures ’ : 

Temperature “ C. . . 12-5 15 S ISO 20 9 21-3 . 30*1 

Vapour Pressure, mm. ITg. . 2 02 l••29 5 32 6 81 7*14 14-91 

The anhydioiis salt has a densil v of 3 251, melts at 280“ C., and when 
•strongly heated evol\(s first acdie acid \aponr, tlun c.-irbon dioxide 
and acetone, and finally lea\es a nsiduc of pyrophoric lead.® 

If paper is soaked m lead acetate solution and drii'd, ll^smolllders 
like tinder when ignited. This may be due to the formation and 
combustion of pyrophoric lead. 

The moleeular he.it of formation of the anhydrous salt is 232,600 
cfilorics.** 

Lead acetate is readily soluble in winter, .and miieh more solulile in 
hot than in cold water ; 100 giams of water dissolve .50 grams of the 
salt at 25“ C., 100 grams at 10° C\, and 200 grams at 100“ 

The state of lead aeetate in aqueous solution has been th(‘ subject 
of considerable investigation, as w'ell as the cause of the solubility of 
lead suliiliate in ammonium and sodium acetate sidulions. 

* Sco also Piircx, p 11.5. 

■ Hciisspr, ./rt^rrsftcr . 1851, 4I1<1 

■ Hcintx. Jahrfsber , I85(i, 

* Parfood, .7. jmkt Chem , IWW, io 8 , 1 . 

• Schixidor, ficr., 1881, 14 , 1007. 

• Jahresber., 1801, 15. 

» Mnllpr-]*:rzl)ach, Ber , 1887, 20 , 2977., 

* Wohlrr, Annalen, 18.39, 29 , 03, ’ . 

• Thomson, Thennoehemtsckp Untfrsuchungen, 1882, i, .381. 

Ottdeumns, Jahresber.^ 1868, 29; Pharm. U.S.A.f 1900. 
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So far as ionisation of load acotate takes place, it probably occdrs 
in two staj'es, as A\ith other salts of lead and (tf oilier liivaleiit metals, 
thus * : 

Pb((\ll,0,),^‘-Pl)((',ll,(),)- ! ((‘dlaDoV 
lM)(rd[j(),V IM>- I (rjljOar. 


Noyes and Wliileomh “ hii\e huind lli.d lead aeelale solution is, 
hQwev<‘r, miiih It ss lonisid ih.iu tlu .lei l.ilrs ol l>arimn, ni.injjfa ne.se, 
riekel, cobalt, /me. and eadnunm und( r (‘<pii\ alcnt conditions, and 
that. assumin<» dissoei.ilion into time ions, its deL(ie<* ol lonisatum is 
oiilv about 22 jn’r e<‘nl in deeinoim.il solulinn 

This sin. ill dei^n 1 “ td’ lonis.ilioii appiais to Ix' e<»nneel(d with the 
spontaneous foim.ition of eonipb v .inions.‘* whieli ixenis also with « 
oilier aei'lates, and lo a b ss r\|inl wilh ehloiuhs, siilph.ihs, aiul 
nitrates. 

Th(“ addition of .in .ilk.di aeelale lo If. id .lei l.ile solnl ion. b\ meii'as- 
inpj tlie eonci ntialion of lln aM l.ile ions, meiias<‘s lln* eonei'iilialion 
of these eomplev .mions ; and this l.nl, as will .ippi.ii. .ifloids an 
explanalion of llie so|iihilil\ of I« .id snlplMlf m .let late solulioiis. 
Tlie solnbilitii s of b .id snlph.ih m .miinoniiim .m l.ile solnlions of 
diffeveiil sti<iii;llis at 2 .’) C h.i\e lx i n islmialid )>\ Noms and \Mul- 
conib “ (s( (‘ limb r L* ad Siil|ili.il' . p tl t) 

'riusc's.inn obsi r\ ( 1 s eonelixb lli.il lln b ad is pii s< nl m lli< aei tali' 
solution aliiKisI enlii(l\ m llx non-ionisi d sl.ile, non-ionistd b*tid 
aeel.ile Ixmirfoinif I li\ iix l.ilhfsis, thus 


PhSO, i 2M1,* i 2(\ll,0/ * l>b(l’dl,<)A. 1 2N1I, 1 SO/'. 


• 

Tlu soluliililv of b.id snlpli.ile m com < nl mImI solnl ions of soilinm 
and polassimn .let tales has Ixeii is.iinimd l>\ l'o\.* wlio (‘‘imludc'S 
that im lallx sis l.iUes jil.iei , aeeoidim^ io llx ;ilxi\<* Kpi.ilioii . Iml that 
eompbx an tales .m foiimd sneli .is PbK.U ,11,0,),. wliifli pinlxilily 
would nol.i \ist III diliili solution, and llial lies s.ill, naelmir wilh 
the jxil.issiiim siilpli.ili m solnlmn would piodiu < llu spaim^flN soluble 
salt PbK .(SO,)., wlueh has Ixm obsi n « d lo ei\sl.illis( 

Ihdiatid bad .leetati dissnh.s m aleoliol . 100 ',M.iins of .ileohol 

dissoUe ;Ki iriaiiis of tlu- salt at 25 (’ and 100 iri.inis jil 100 ’ (’ ; 100 

crams of lol (lissoht 20 ci.ims of b .id .m l.ih .il 15 ” t’. 

Niinurous hnsic (nrtntcs li.m Ixui ibserilxd, lint piobabl\ only li\o 

arc defmite eompomids '• .... , , , 

The s.ill PI)((Ml.OoOn. ‘-i IMiiC.II.O.b I’bfOll),. is ioinud when 
leadoxub- is In .ih d 'wd h ( \i « ss of b ,id aiO.ih solution, bv Ihe partial 
decomposition of tlu neiilial an l.ili sohilion with animoiiia or alkalis, 
or by (bssohmc the salt Pb((',li /),)., 2l>bfOn), m a solution of the 

normal aci tale ,,.. 11,1 

The salt Pb((MI,0,). 2Pb|()II;, is formed U\ tinitmc b-.id aeetate 

solution wilh .Anss of hii.l o\i.l.-, or by ixiuniu; a sohilioii of Icoil 
acetate iiilo excess of atmiioniii. 


^ .laqiif^, Tran'* FaiH'Iatf Sm . 1010. l!2.» 

» Kovrs and Whjtcfmil). J Awir ( hw .S'or , 1*101, 27, 747 
” Abcf’U and St L'llj* ful/in -ki, /.tU-^rh Elrklntfhnn , 1*)04, 10. 

• ¥oj,rranJ* Chj>Tn Soc , Pioii, 95, «78. 

* Lowe, «/. prakt Chnn , 18i>0, 98, ^85 
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* According to Sakabi,' the only solid compounds that can exist 
contact with lead acetate solutions at 25 ° C. an* : Pb(C2H8O,)2.8Hj0, 
Pb(C2lI,02)2.Pb(()lI)2. and 

Complex Lead Acetates* -llcfcrcncc* has alrt'atly been made to the 
coinbinalion of had acetate wilh alkali aeelates in sohition.® The 
double or eoniplev aeelate Na(\2n3()2.Pb((’2ll302)2-'lll20 was prepared 
by Raminelsberg,-* Jind forms inonoelinie crystals. 

Various compounds of lead halides amHi lead and alkali acetates 
have been jirc'pared.* 


PbClCairPa, 

Pb(C2lI,62)2.Pl)(1(CJI ,02)2, and 
Pb(CoIl‘,0o)2.Pl)n('2lI,02.8H20, 
PbClC2l'I362.l^(^2I^O.. 


5PI)IC2lIj02l'»>(^’2^Il02)2. 

2(Pl)K\.li,02.Xa('2ll302).nC2ll30a, 

PblC2lI.,02.KC2ll302, 

Pl)IC2lI,02XlI^C2ll302. 


Plumbic Acetate, Lead Tetra-acetate,® PbCC’aH 3^2)1, is one of the 

most stable of tin* plumbic salts. It is oblauud bv dissolving red 
lead in warm, eone( ntratid acetic acid. As the solution cools the 
tetra-acetate separates in \vliil<‘ ne(‘dl(‘s. It is also produced by the 
action (»f chlorine on a solution of tli<‘ diaeetate : 


21 M)(C\.II p,), I- (I2 = Pb(C 2 ll 302 ), + PbCl2 ; 

and is separiiled from the (‘liloridi' formed siniultaiu'ously by means 
of warm aei-lie acid. 'I'Ik* l(‘tra-.ieelate melts at 175 ''’ C., is decomposed 
by water ^vltll the separation of lead dioxide, but is converted by 
hydrochloric acid into the tetrachloride. Th<‘ following organic salts 
of quad) ivalcni lead ha\e also been pr(‘])ared ® : 

Plumbie j)ropionat<‘ : Pb(rjllr,()2)4 
Plumbic //-but \ rale : Pb(('|ll702)4 
Plumbic iso-bulyralc : PblC.lI^Oo), M.P. lOf^ C. 

Plumbic palmilale : Pb(C,tIl.„()2)i SS°- 01 ° C. 

Plumbic stearate : Pb(C\,II ,,,() ,. 102°- C. 

Lead Oxalate, Pbt’^O^, is ohtained as a ^^hll(‘ ])r('cipitate when 
lead salt and oxalate solutions are mixed. When lu'ateih to 300 ° C. 
out of contact ^Mlh air it decomposes according to the eipiation ® : 

-Pb.O I-3CO2 1 CO. 

Its solubility 111 Asaler, deti rnuned bv lh<* conductivity method, is 
0-61 X 10 gram-moh cule per litre at 10 9 . 5 ° C ^ or 0 - 5 J. X lO"® gram- 
molecule JUT litre at 18 ° ; ^^hllst, according to Hottger and Pollatz,® 

the solubility at 2 . 5 ° C. is 0 0025 gram per litre bv dirc'ct weighing, and 
0-0018 gram per htie, estimated bv means of conducti\ ity. 

The basic salt 3Pb('204.7Pb().ll2() (?) '» is formed by the intcr- 


’ Sakabi, Mrm I'oU Sit,, Ktfoto, 1*11 1 1, .’)7 

• Fox, Tmn^ Vhnn So( . 190*.), 95, 878 

■ Rainnu'lHbi'rc, Poq/f Anmhn. 1S.VJ, 90, 2S 

• Camis. Aiinalrn, ISO'l, 125, 87, Wliitr .4//wr ('hm ./ , 190f>, 35, 217; White and 
Nelson. Anier. Chem J., 1000, 35, J27 , Wi«ht, Awtr ('hrm J . 1904, 31, 1. 

“ Hutohiiison. Trails Chan. Sac, l.SOll, 63, II. Hi, HiitohmHon and Pollard, Traiu. , 
Cheyn. Soc , I89(i, 69, 212 ; Colson, Compt raid , 1903, 136, 675, 891, 1664. 

• MaumomS liiiU Sor rhirn , 1870, 13, 194.^ i 

» Bbttgor, Zrtsrh pfnMal- Chetn , 1903. 46, 602. . 

■ Kohlniuaob, h physikal. Chem., 1908,64, 159. ^ , 

• B6ttgor and Pol ate, Pkarm Pmtt 1907, 40, 679. 
w Strbmholin, Zeitsch. anorg. Chan., 1904, 38, 429. 
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action of lead hydroxide and a soluble oxalate, or by tlie actioif ot 
caustic soda on the normal oxalate. 

The preparation of Pl)t’ 2 l),.‘ 2 lM >0 has also br(‘u iceorded.^ ^ 

The eoiui)le\ salt * is formed b} aetint; on 

lead oxalab with potassium oxal.iU solutuu) . . 

Lead Tartrate, Pl»l’jll 4 (),,, is .i ei\sialliiu’ jiowdrr, olilauied by 
precipitating' a lead salt with t.iitarie atid. It is slii'litl} soluble in 
water and less soliibK- m alcohol, as tlu* follow ini' lijjmes show : 

W.u. I Moohol. 

IS ( ‘2.i (’ is ‘Jo’C. 

GranisPbC 4 lI,()r, in 100 

grams solvent . 0 0100 OOlOS 0 00‘2S 0 0002 ^ 

Lead tartrate (liss<»l\is m lail.uie .iei<l. in alkalis .iiul ammonium 
salts, W’lth the* fomiation of eomplrx ions la .id <j\ide also, lik(“ eo}>per 
oxide and fitlur nielallie o\id(s, dissoKts m alkali l.ii Irate solution, 
producing an .ilk.ili salt of plumbotait.nu' acid, to whose ion tlu^ follow- 
ing constitution is attiibuti'd * . 

yVU too (11011 CIIOII.COO' 

\pi) POO ciioii.puon (' 0 (v 


LEAD AM) SILICON 

Silicon IS not miscible with had to an appnciabh' extent in the 
liquid ^st ate."' 

Lead Silicates. - ^^h< n litbaigc is fusid with silica it forms a yi'llow, 
Vitreous silicate which enteis into the composition of the lead glazes 
used in potteiy, and also of Hint glass, w'hich, on account of its high 
refractive power, is em))lo\(‘d for optical ])U!pos<‘s and for making 
artificial gems. 'I'lie sohibihtv of had o\id<' in lead glass iiuTi-ascs 
with tcmiJt'iatuie, and the vi How colom ol Ldass iich in h ud is attributed 
to the thermolytic dissociation of h ad sihcati , thus *’ 

PbO. rSiO. PbO I aSiO^ 

According to Mostowitsc h.’ a numbi r ol h ad sihcal<s exist, in 
which the proportion of lead o\idi to silic.i uses from PbO : SiOg to 

6PbO : SiOg. 

By the stud\ of the fiee/ing-pomt ciiims ol mixtures of lead oxide 
and silica, Ililpert and Wt ilh i ** lind (Mtlme*' for th<' existence of only 
PbO.SiO,, and jirobabls *2Pb() USiO.^. Accoiding to Ililjurt and 
Nacken,® how'cvcr, .‘}Pb().2Si02 exists and piobably yPfiO.SiOg. 

* Pclouze, Ann ('hpw , 1842, 42, ‘JiilJ 

* Reia, Her., 1881. 14 , 1174 

■ Partiipil and Hubner, Arrh Phinn , UMI.'I. 241, 412 , 'ilsf) Cantnni and Zanhoder, 
B%iXL jS'oc. rhxm , l‘J0o, [in], 33, 747 

* Kahicnberg, 'AtiUtrh jthxtsxknl ('fmn , 18115, 17 , .577, Krihlenterg and liillgor, 
Chen. Zentr , 1897, 11 , .199. 

• Tamani, Zettach. anorg. Chm , 1909, 61 , 40 

• Bock, Zeitach. angev^ Chem., 1908, 21 , 1.3.51 

* MoBtowitsch, Metalluryie, 1907, 4 , 047 

• Hilpert and Wciller, Bvr , 1909, 42 , 2909 , w'C alw) Wcillcr, (% m ZnU, 1911, 35,1063. 

• Hilpert and Nacken, Bir., 1910, 43 , 2505 
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Cooper, Shaw, and Ijoomis,^ from a study of licatinjj curves, show the 
existence of rb 2 Si 04 . melting at 746° C., as well as PbSiOo, molting 
, at 766° C. 

Load silioatos ar(‘ of impoHano(' in pottery niamifaohin', because, 
• being loss soliilih* Ilian “law load” in dilute aoid snob as ooeiirs in 
the gastric jnico, 1b(‘V are loss liannfiil lo tlu' uorkors. Thorpe and 
Siininonds lia\o oxaniiiK'd tlu* solubilities of various load silicates in 
dilute hydroehloiio aoid, and find that when the inoh'oiilar proportion 
of acidic to liasio o\ido falls below 2 : 1 tin* silioat<* is readily attacked 
by the dilute acid ; but when larger pro))or(ious of sihea arc combined 
with lead oxide there is httl(‘ aehon. This is in harmony with the 
observation of Faraday^ that glass mad(‘ of ecpial weights of silica 
,and had oxide do(‘s not beeoui<‘ dull when exjiosed to the action of 
hydrogen sulphide ; Imt that a glass made by fusing S parts of this 
glass with 1 ])art of potash is so tarnished. In the former ease the 

„ .. aeidie moleeules i i • n ■ 

ratio . , , IS .}-7, in the latter about 2. It is w'ell know'n, 

basic moH eiiles 

not only that lead glass is easiK fusible, lint that it is casilv ri'diieed 
and blackened m the inner blo\v|)ip(‘ llanie. To aeeoiint for this 
redueibilitA', Siiumonds,* who n cognises th(' four simpl<' silicates 
Pb 2 Si 04 , PbSiO ,, Pb.^Si,()„, and PbSi.,()r,, as well as vaiious double 
or complex silicates, introduces eeil*im novel eoustitulional formula 
for these eoinfiounds, containing owgen chains and linked silicon 
atoms. 

In a further communication,® Simmonds claims that the blackening 
of lead glass when healed m a reducing llame or a eurreiil of hvdrogen 
is due not to the sepaiation of metalhe lead, but to the formation of 
a reduc(‘d silicate* or “siheile" of lead. Ji was found, ind(‘ed, that 
powdcied (lint glass, reduced in hvdioge*!!, con f. lined no uneombmexl 
lead. 


LEAD AM) IJOUON 

Lead Borates. — Lead orlhoborate is unknown, but the metaborate 
exists and several polv- or anhvdro-borates. 

Lead metaborafe, l’b(H().^)jj. lUO, isfoimed as a whili' preeijutatc 
when cold coiiei'iitrated solutions of lead lutiate and borax are mixed.® 
It is almost insoluble in, but souKwvhat hvdrolysed by, vvaliT, and dis- 
solves re.idilv in diluti* acids 

'Hie polv borate* 2Pb() 8H/).,.4IL/) is obtained by precipitating a 
solution of a lead salt with excess of boiling borax solution,^ and 
Pb0.2n/)j. HI/) bv treating either of the foiiner salts with a boiling 
solution of bone aeul. Lastly, PbO.;3H20Tis obiamed by fusing lead 
carbonate with bone acid, and extracting excess of the latter with cold 
water.® 

» (Joopei, Sliiiw, .iiul IxoniiiH. /*r, 1909, 42, 3091 , »oe also .Impr. Chem J., 1912, 47, 
273; and Cnitr Miu , 1 01.’. 2S9 

■ Thorni- and Siinmond^ Tian* Chem , 1001, 79, 791 , also 1910, 97, 2282. 

® Faraday, ‘ On the Manufiu’hire of Optical (JIasa,” ni-io 1 

• Simmonds, Tmns Chem Sor , 1903, 83, 1419 * 

• SimmondH, Trans. Chem Sac , 1904, 85, 081. 

• Bose, Pogg Annahn. 1833, 29, 455 

’ Souboiran, J. Phartu chm , 1825, ii, 31 

“ Le Chatelior, Bull Soc. chtm 1899, [111], 21, 35. 
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LEAD AND CHROMIUM 

Lead forn\s the noinial ehroiiiate PbCrO,, llu- dieliromale PhCraO,, 
and sevenii h.isic salts 

Nonnal Lead Chromate, PI)CiO|. (htuis natm.illv as crncoite in 
Siberia, Huhlt.hn, Rui/il, and otlier parts, the inmeial er\ slallises in 
yellow, transhieenl, inonoelinie piisins, and has a di nsilv ol about, 
6*0. IL ^\€ls prepaK'd .utiliei.illx b\ Ronii^t tas ' bs lu atinir pit ei|)ilaled 
load eluoniatt' with ddnte nitrie acid in stalttl tidus at lltO C Tlie 
salt IS })repart.d aildUialK as a biii^hl yellow pneipitate b\ mixing 
solutions ota lead sail and ptilassiuin eluoni.dt oi diehuanale. I'robably 
the precipitatt' is al Inst ananphons, but it ijradnalK buM)nus er\stal- 
line. Cr\stals of lead eluoin.de an* also teblainetl l)\ t \posin^^ to the* 
air a sohdion ejf the pueipilatt^d eluoniatt* in eaiislie soda, by lusin^ 
together leatl chloiidt anti polassinni ehioni.de*. by .illowing solntioiis 
of leatl aeetate anti jiolassnini ehioin.ite to nn\ slowK by dilfnsion,* 
and by eltetmlysmg a tlilnlt solnlit>n of ehitanie aeitl with hail ilee- 
trodes.^ 

Precipitated had chioin.dt tentls tt) eh.inge* colour during liltra- 
tion, becoiiuiig or.uige. 'I'his is due te> tin ibiin.dion til the icd 
basic salt Pb/'iO-, tir Pb(‘i(),. PbO b\ h\<liolNsis, which is tht* mon‘ 
hkclv to take [ilace when the salt is piepaittl fitiin basic lead 
accl.ilt * 

Lead chromate is \ allied as a jagnicnt undt r the naini* ol vlnome 
ydlcnv, //W/oie, or /a : and ctmst tpit ntiv it is important 

to realise tht* best contlilnuis Ibi its pupaiatitm It has bieii shown 
by Eree that the rapid mi\ini; (*r coltl, (onceiitrattd solutions of the 
reacting salts undtr conditions which prt\enl the form.diem tif basic 
salt, [uoduees a civslallint thioint ^ellow of cl<;ii ceeltmi and gtiMi 
covering pe>wt‘r. (’ommtici.d thiomt \tllow' littpitntl) contains lead 
sulpliatt , and .i ]>igme nt knt»wn as (Wcg/ic //(//ere is pit paitd by heat- 
ing lead sulphate with .i solution of potassium diehiomalc. It is recog- 
nisctl thaf the admixture of had suljiliale to llu* extent of abend 10 
jier cent . jirotluet s a lighlt r shade , and this is due not onh to a physical 
cause, Imt to tin fact th.d the pieseiice of a soluble lead salt lediiees 
or ju'cveiits liNtliohsis, which bs pioelucing the basic chiomale* would 
cause darkening of ctihnir.* 

The solubility of leatl chromate in water is cxctedingly small; 
indtrd, the chioinatc is piobabb thi hast se»lublc salt ed* lead. It is 
practically insoluble also in dilute .ice tic aiad ; ceaisetpienlly chromate 
ions in presence of acetic aciel constitute a \ery delicate test for lead 
ions in solution. The solubililN e>f h .id chiom.ilc m water at 25'' C. 
is about 10~* gram jnr litre accoidmg to Kohliaiisch.* but \on llevcsy 
and Pane 111’ obtained the\ahie 1 2 lO-gMin per litre by eiiijiloying 
radium-D as a uidmatlnr imhrafnr, tc by mixing willi the lead salt 
radium-D, which is mdislmguish.dih fiean Ic.id. and estimating the 

1 HeieilnesiiH, litiU *S'.*^ Mill , lSH7, JO, lS7 

• Die \e imfiaii, Aiinnhn, 87, Dil ’ 

■ L(> IjI.itic .met JtmelK he Zo/w/e I'Afkfrorlipni , 11)0*, 8, l!55. 

• • Jablc/a n.ski, 47 wm( /«(/ , ItHlS, 31 , 7.'U 

• IVer ./ rini'iuiil (fhem , IJIW, 13, 114 

• Kejhlrauscti, A pii fnk'il t’/mn, I tins, 64, 

’ Von Hevort) and runcth, Zttlvch annrq Chun., I 'MU, 82, 323 
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racfioactivity of tho solution, since the original ratio between the two 
salts is maintained in solution. 

• . chromate readily dissolves in dilute hydrochloric and nitric 

acids. I he solubility of this salt in dilute hydrochloric acid, and the 
•equilibrium betwf'cn chromat(‘ and diehromale in solution, have been 
studied by Ih'ek and Stegmulh*!*,^ who find that tlie solubility m dilute 
solutions is nearly proportional to the hvdroj^en ion concentration, but 
coneentniled solutions to the square of this concentration. 
This is on account of the formalion of diehromate ions, thus : 

‘ilK’iO / +ll2(), 

which results in more lead ebromale biing dissohid. 
r The followin'^' (‘({Uilibiium eonslants have been calculated : 


lII1.|(VO/'l 

|iiCio;i 

III I |(W'| 

|ii(v,()Vi 


- - ;3 7 

10 


X 10-7 . 


lO - '^ , 


[Iir.|CrO,T 

“irrVoV'i 


= a*4. X 10-i»; 


|!I(’l()/|2 

ICrJV'l 


_ 2-5. 


Lead eliroiuale also dissol\(“s m sodium hydroxide solulion. beinfj 
decomposed uilo a nuxlure of sodium ehioniale and plumbite. A 
solution ol sodium earbonale reaels willi lead ehioniale llius : 


2 lM)Cr ()4 -|- 2 Na 2 C(), | II.,() - PbO.PbCrOi 1 ‘iNallC'Oa + Na AO 4 ; 

ill ])res(‘nee of excess of sodium hydio;((‘n cailioiiate, however, the 
followiiur leaelion takes place* 

PbCrO, d- 2NairC03 PbCOj -f- Na^CrOj + II .O + COj 

Boiling with potassium nitrate solution causes lead chromate to pass 
into a colloidal state.® 

Besides its use* as a pignii'iit l(‘ad ebromale is emploved for dyeing 
or printing on calico. 'File process, which is a mechanical one, is carried 
out by passing the fabric First through a solulion of lead salt and then 
through a solution of chromate. 'Fhe material may, lio\Ccver, be 
agitated with precipitated lead chromate, suspended in water, alcohol, 
or benzene. AVlieii the two latter media are employed the colour is 
not so deep as when water is iised.^ 

Lead chromate fuses when strongly heated, forming a brown liquid, 
which on cooling solidifies to a light brown crystalline mass. At a 
high temperature the salt evolves oxygen, and, on account of its oxidis- 
ing property, it is employed in organic anahsis to aid the combustion 
of substances containing the elements chlorine and sulphur, which arc 
retained by the h ad. 

Lead Diehromate, PbCr207, containing 2 molecules of water of 
crystallisation, was obtained by Pn‘is and Hayman,® but its existence 
was subscipicntly denied by Autenrielh.® Elbs and Nubling’ found 

* Bi'ck Rini StriiiinllliT. Atbnfni Kat'irrl. Oesuiullicilnamtc, 1910, 34, 446. 

■ Au(m bill’ll and P.ck, AihetUn KniMrL (ieAiimlJmtminte, 1913, 45, iC6. 

® 0. do Ooniiu’k, Afw// Aifi'I.roy //J7 , 1909, (Mm ' 

* L. Vignon, Conijd. rewl , 1909, 148, 1329 ; IShV. aSoOl chim , 1909, fiv], 5, 675. 

* Proisand lUvnian, Her.^ 1880, 13, 310. 

* Autennoth, Ber„ 1902. 35, 2067. 

* Elbs and Nilbling, Zaiich. Ekk^rochem., 1903. 9, 776. 
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tbat when a vcry^ concentrated solution of chromic acid (180 f(rams 
CrOj per 100 c.c.) IS electrolysed with a lead aiioile a solution is obtained 
which evolves o\\ffvn wh(‘n kept, and deposits reddish brown needles 
of Icail diehroniute, PbCr^O^. From the \oliinie of oxy^^ n evolved it 
appears tliat pluinlne dielnom.ite is formed and deeom|i<)s«‘s thus : 

PblCr^Oy), -Vhi'vp, J- ‘iCrOa -f 0. 

, Maj'er * obtained had diehromate bv lualin^ h'ad aeetati' \\ilh 
chromic anli\diid(‘ and eonecnhaled nit tie aeid, iiiidir a tillux con- 
denser; and CoK “ prepand tlie same sail by takin^f aeeoiinl of the 
fact that it is prone to lisdtoKsis and can onl\ In* foinud in contact 
with a ehronne aeid solnlnni of a eeiLiin eone< nlration, wlneli is 0 805 
gram-mokcnles t’rOj pa lilie at ‘ia 'riins by loacllier 

lead nionoxidi' mid (hiomiuin trioxult in situiatid soinlion in the* 
proportion of 2 ^rain-inokc iiK s of the foinurto^of the laller, had 
diehromate is piodiieed and ina\ lx* oblaimd jiUK* afla waslnn^ with 
7-N solution of C’lOj. ll is a Iiislioiis, ltd, eixsl.ilinn powdei. 

Basic Lead Chromate, IMiX'iO-, rbt'iO^ PbO, oi ‘JIMiOAVOq, is 
formed as a ltd powdt r b\ tin action of cold eaiislie sod.i solution on 
the normal ehioniab'. It is also piodnetd h\ iinxinj; totrdlier lead 
chromule and oxidt' in pnsenet of uata, and is known eommereially 
by various nanus, clnowc tnl, oitiuiic <lntwi(\ Ihihif ttil, ('hiucfic nil, 
accordin<^ to its deplli of colour, ll is eona-ihd l)\ acetic aeid into 
the normal salt, and the two sails an' m (({inliiMinni in eoiitaet with 
an aqueous solution of 2 ^ It)-'* nioleenhs (’lO, pa‘ litre at 25'* C. 
Mixtures of the two salts jnodnee shadt s int< inu di.ite b(‘tw'e(‘ii yellow 
and rod : sueh niixtiins aie known eoninuTei.iIlv. 

The basic salt Pl\,(r.^()j, oeems m dark led lu xai^uinal jiiisms of 
a^densily of a'Ta as the nniuial phuincile or phwnuwhnnle. 'Phis 
compound may be jinpand aililieially liy allowing' soliilioiis of lead 
nitrate and jiotassiuni ehromab to mix In ditfnsioii,^ by (‘xposinj^ a 
solution of lead chromate in caustic ])ola‘'hto tiu air for several inontlis,* 
or hy imiqersni^ ^^•lIella in polassmm diehioinab solntum for six months. 
This last process, which was earned out hv Mainui,''’ ])ii)hahly nearly 
reproduces the conditions bv which llu ninuial is nalinallv prodneeil. 

Lead Chromate Double Salh - Donhh sails of lead chioniate with alkali 
chromates have been ol;tanud® The pnlassinm salt K^CiO^ lM>Crp4 
or K2Pb(Cr04)2 is formed as a ^ < How amorphous pi eei pit ate when 
50 c.c. of a saturated solution of polassniin elnoni.ile is niixc'd with 
10 c.c. of saturated lead aedate .soinlion. The amnionnmi salt 
(NH4)2Ph(Cr04)2 IS jinqiand smnlaily, and both salts are dreomposed 
into their eomponenls by wal<r. 

» Mayer, Ber , 19on, 36, 1740 

• Cox, Zettarh anonj (%m , llMKi, ijo, 112(1. 

• Dreverrnnnn, AnnaUn, 18.71, 67, 1‘2I 

* Ludcking, Amn. J Sn Is!l2. fnil 4^, 67, 

* Meunicr, rend , 1878, 87 <i'i( 

■ Gmycr, ZnOach. anarg. Ohtm., llHi7, 54, IS.!; 11)08, 58, 112; liaric, ('ompU rend. 
1914^ 158, 495. 
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LEAD AND MOLYBDENUM 

Lead Molybdate, I'bMoO,, occurs as the mineral wulfenite, which 
was prepared arlilicially by Manross ^ by fusinfj t()^(ether leatl chloride 
'and sodium luolybdale, and was so obtained in yellow hexagonal 
tablets. This salt is (piautitativily precipitated - as a while powder 
by mixing sodium molybdali* and lead nilrale solutions. After fusion 
at high teinjierature it crystallises, and then has a densilv of C'62. 

I 

LEAD AND TUNGSTEN 

Lead Tungstate, PbWO,. occurs as th(‘ niiiuTal stolzifc, which w’as 
'also obtained In Manross ^ by fusing lead ehloiidc* with sodium tung- 
state. The same salt is formed as a white preeipitati' wlan solutions 
of a lead salt and jiolassmm tungstate, K^WO^, aie nnx<d. 

Lead Metatungstate, PbWjO^ j..*)!!/), is piodiieed as a lloeeulent 
precipilalt' when a solution of nietatungstie acid or its soluble salt is 
added to had acetate solution. 

l.KAD AND UKAMl M 

Lead Diuranate, PbU207, is said to be foinad ^ wlun iiranyl acetate 
solution IS dig(sl(d with fr(‘shly precipitated had cjiibonate; when 
ammonia® is added to a mixture of urau)l and lead nitrate solutions, 
and when lead acetate and uran\l nitrate .solutions are nii\(‘d togither. 
It is described as a \ellowish red precipitate, soliibh- m aci‘tie acid, 
which turns blown on heating, and when rediieid in Inilrogen, yiehls 
pyrophoric hsid and uraiious o\id(‘, UO2. 

The following salts have been obtained b\ ZelK'iiU r ‘‘ . 

Pl)(C.2ll3()2)2.lT02(ConjO:)2.3ll20, 
which on ignition yields PbrOj .is a reddish brown eiyslalliiK* mass; 

2PblT2()7.5H20, Pb,U,0„. 

also fPb((\n,()2)2-'lU().^.2lI..()J;3ll20, which >i( hlsPI)U,C),„(>n ignition. 

Lead Peruranate,^ combined wath lead uranati’ as the salt 
(PbO)2lK)4.1*bU().j, is formed as an oiange preeipitati* when solu- 
tions of sodium ]u*nirauate, (\a202)2U04, and lead acetate* arc mixed. 
With dilute sul|)huric acid this .salt yiehls hydrogen peroxielc, and 
with the conce al late'd aciel ozonise*d oxyg<*n; whilst dilute* acetic acid 
. dccompose*s it, foiming leael acetate* and uranium tetroxide*, UO4. 

DETECTION AND ESTIMATION OF LEAD 

It was early eibseTvCd that the* presence e)f leael in wine could be 
detected by the adelitiem of sulphuric aciel ; and Z(“lh‘r in 1707 suggested 

' Miiiiioss, Anmilcfi, 82 , .’J.'iS 
- (^hatar<i,.Zf<r , 1871, 4 , 2.SU 
^ Tossa, Cotnpf, mid , iHSa, 102 , 

• Wi'ithrini, J ptdkl dhtni, lvS43, [i,!, 2 Q, 207 
® ATfvrdflon, tV/f/ Annaltn. IHJi, i, 2.'5S. 

• Z» lirntcr, MotiaLh , 11M4, 25 , 107. 

• Mi'likuff auel ritwaijcwfeki, Ber , 1897, 30 , 2902. 
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an extract of orpiment and linic-waltr, would contain siilphixle, 

as a test for lead sails, \\hich il turnul hlack. The introduction of 
hydrogen sulphide as an anal\lical n .igc iil ^\as lirsl luadc in coniurtion 
with had sails; for Fourcioy and Ihihiumann in 1T.S7 proposed to 
use water acidilied A\ilh Indioehloiic add and salnraltd ^^llh hulrogcn 
sulphide as a list for h .ul 

Detection in the Dry Way. i.(.id sails nn])avl a bluish grey 
tuit to the Ihinsen llaine, wlmli does nol. howixn, show, a clearly 
defined speclimn. The sp.irk spiel rum nf lead eonl.nns eh.iraeleiislic 
lines in tlic oiange, gru n, and Moh t tsu p Owing to llu easy 

redueiUiht\ of had oxide, lead s,dls Mild a In ad of the nul.d when 
heated with sodiiun eailMUiali on ehaiioal In foil the blowp]|u. 'riic 
metal is iihnldiid by its inall* aluhtN , b\ tin f.iet llial it iii.iiks paper, 
and by dissohing it in mine acid and .ippl\iiig to tin solution one or* 
otliei ol llu eliaiaeti iislie wet lists. 

Detection by Reactions in Solution. Kioin niodei.ili is eoiun nir.iled 
solutions had is piieipitatid as eliloiiih b\ li\ dioi hlone aeiil, and lliis 
reaction is einployi d to se|iaiai( h ad, logi tin i w ilh sil\ 1 1, and meieiiioiis 
nKTcurv in (jiialilalise anaissis 

Lead nniaining in solution aflei tin addition ot hsdroehloiie acid 
is deteelul and s{paiat(il bs nnans ol hsdiogen sulphide, with whieli 
it yields a black pKcipd.itf of tin sniphidi. Coppei, nnienis, and 
bismulli also gi\e black or daik blown pneipilabs with tin same 
reagent, but tin had is separatid and idmiilied by tin' solubility of 
its sulphide in modi i.iti Iv eom-iulialid mine acid and llu* subse- 
quent preei|)ilalmn of llu* sulphali bs dilute siilphune a(*id. 'I'lu* hud 
sul])liat(‘ may then in* dissohul in ammonium a<‘< I. ili* soliilioii, and 
the l(,it(l pi< ( ipitali (i as (‘iuoinali 

Tlu* sul[)hidc and (*hiomate lists an* both seiv delicate, and may 
be emplosid for the deleelion of had in potable w.dir. 'i’he sul})hklc 
test IS gineialls emjilosed in juisj •!(*(* of a Iilth ddiile hs dioehloric 
aeid, lliongli it is esen moie ihlieab* in ]>risin(e of alkali. In (*illier 
case llu* abscnci* of othii nul.ds which imglil gi\» blown eoloialions 
or black pn eijulati s nmsl be asei il.iiiu d 'Flu ehioniate ti sL is earned 
out in j)r<*s(*ne«* of dilute ,u*(lie .leid. Otlui and less impoilant tests 
for lead are as follow : Alkalis pneipilali had lisdioxidi, soluble in 
excess of llu* pneipilant, bid insoluble m .imiiuaiia; alkali eiirbonatc 
precipitates basic had eaibon.ile, instduble in ( \e< ss ; alkali iodide 
precipitates yillow had iodide, suhibh* in hoi walir inan winch it 
crystallises in golden spanghs ; nutalhe zinc siparalis had in crystals, 
forming the had trei. 

A reagent for d<“tieling ti.ieis of had and mangaiu'si (xisis m the 
form of 'tetranu'thyldiaimnodiplu n\hiu thane, which gi\is a dei ji blue 
colour with lead and inangarusi dioxides. TJie snbsl.inei* b» bi ti'stcd 
is incineiated with sulphune aeui ; a b w drops of siMlimn h\ pochlorile 
solution an* addid to llie .ish, i \e« ss of chlorine is ihmin.il ( il liy heating, 
and the reagent is addid. Ilv.tlu blue colour jirodueed had has been 
detected in water wliieh has p.isM d tlirough harl pqus, or iii an animal 
body, when other methods lia\e f.iilid. 

Ettimation of Leac|f- Lead may be estimated by thne sfrics of 
methods : (i) gravimetric^ (li) yolumctric, (m) eleclrolylic. 

(i) Graxnmetric Methods, (a) Lead is pncipitatcd from solution as 
sulpliatc by dilute sulphuric acid, a vuiumc of alcohol lajiial to twice 
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tht^ volume of the solution being added to sceurc eomplete prccipitatidm 
The prt*cij)itat(* is then liltcred off through a wciglicd filtei^ or preferably 
a Gooch crucible, dncil, and weighed. 

• (0) Lead may also lie preciiiitated as basic carbonate or oxalate, 
. and these are com cried by ignition into monoxide, i\hicli is weighed. 

(c) Lead is oceasionally wiMghed as cliloride, chroniale,' molybdate,* 
or oxalate. 

(ill) VpUimdnc Methods— (a) Tin* method of Alixandcr consists jn 
titrating an ammonium aeidate solution of lead snlphalc with ammonium 
molybdali’ soluLion which has been standardised witli a similar lead 
solution of known stunglh. 'J'he end pond is found by a spot reaction 
with a solution of tamim which giv(‘S a yellow colour with molybdate. 

(b) L('ad may also be estimated by jireeipitating with excess of 
^standard ehiomati solution, lilleiiiig and washing the jinTipitate, and 

estimating the exeiss of ehiomate by adding aeidilied jiolassmm iodide, 
and titrating the hbeialed iodine with thiosulphate.® 

It is possible also to titrate a hot solution of a lead salt by standard 
chromate, emploung the shaking nulhod.' 

(c) A further imlhod of islunaliiig lead consists in oblammg it as 
sulphate, dissolving this m ammoiimin acetate, and oxidising to dioxide 
by bromine waler, lh<‘ dioxide lx mg lh(‘n (stimated lodoiiietncally.® 

(d) After le<id has been com ei ltd into sulphat(‘ it may be (stimated 
volumelrieall> by decomposing this salt with hydiogeii sulphide, and 
titrating the hlxTatc d siilphnrie aeid.“ 

(e) Traces of lead ar<‘ estimated eolorimetiieally by means of 

hydrogen siil[)hide, the depth of colour produced being matched by 
means of a standard lead solution. By this method ()'05 mg. of lead 
per litre can be esi imali d.’ » 

(in) FAectiohjiie Methods, - Ixad has usually IxTii estimated tlcclro- 
lyticully by separation from nitric acid solution, as lead peroxide at 
the anode. Fiom a family acid, animoiiiaeal or alkaline solution, how- 
ever, it can be sei)arat(‘d as inidal at the cathode. Classen ® has found 
that with a current density of 1*5 to I 7 ainjuTes per square dcm. 
the separation of lead un le.id dioxide is complete in four to five hours 
at a temperature of 10 ’ lo oO" C. The lead dioxide is then washed 
and dried at ISO® C‘. 'J'he special fineaiitions necessary for this cstima- 
tipn have been studied by Vortmann.® 

The introduction of rotating electrodes has enabled electro-analysis 
to be carried out very rapidly; and the estimation of lead by this 
means, as well as the sejiaiation of various metals by the use of graded 
potential, has been successfully accomplished by ’S;iiid.^° 

* Pollot, Bull, Soc chun , ISTli, jiij, 26, :I48. 

* Smith ttnd Hindbury, Ihr, 18111, 24, 2930. 

* Diehl, Zcitsik. anfil ('turn , 1880, 19, 30G. 

* liCWis, JhweriatiuHj Bie'ilnu, 1908 

® Kuhn, AflmUn Kaiseil (h'^undhtihaynley 1900, 23, 389. 

* Miles, Tmnd. Chem. Soc , 1915, 107, 988. 

’ Woudstra, Zcitsch, anorg Chem , 1908, 58, JC8; see also Harcourt, 2'ran*, Chtnu 
Sfoc, *910,97, H41. 

* Classen, ficr., 1891,27, 163 

* Vortmann, AnnaUn^ 1907, 351, 283 

' Sand, Trans. Chc»u Soc., 1907, 91, 373. 
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Oor vi)]',ti\i),>ii ii \ I 

, Jin» 

Olfli.iiil u i>, 7 I 
Ulii'tit l.i'st'. JJl 
OliviJii', L'l 1, jr, 

()n\ L’O l 

Ojul, 2ii'», JM 
Oz.iiim' ( liioiuo, MO 
Oi.iMiiitf, J77 J7'^ 

()t::.iiui iilit If .u 111-,, Jl'l 
OkIiolI.uv', L*I 1, Jli), JJl 
()itho|iluiiili 111 s, Kill 
Oitlioti t.uui .K nl, J17 
Oiymnnnt* nj hii, '> M 

pAJUt N Wtii.l ' I , , 

|. .1, I 1 III i > ill '{'•I, 
iimsl ( liI-iMti.', r»i> 

PaiH ltd, 107 
M'lltiA, I 57 
J’.llt lit \i lltiNV, 5'iJ 
i'altiiiMiii '.,571 

I'.it I -11-1,11'', wliiii |. id, MJ 

Pint, .11 

Porc.ii In, ii.it, I, 1 )ii 
const itiit ion ot, 1 17 
l’crc..iil, ,1111 .It 111 I 51 
Pt'ritidu s\st,in J 
l’i‘i,,f-kil<>, J IJ, JIS 
Pcntliiot irlioii ill -t, r,ii 
Pcitit.in.it,-., J')7 
Pcrtit.iiiK! lit id, Jli) 

Pcr/iri’on.iti J70 
IMalitf, 21 1 
Pctioli nm, orijin, OS 
PcwttT, Il.'JO 
PhtciiK itf, 1 50 
PhtiTiicoclniiitf, I'lO 
PIios^, nt', 07 
Pho^;:l■nltl^ .'It, , 1J7 
Phosphoidirori.'i '15s 
J’hosplior-tin. 5i,ii 
Pln^ttxilu'nni .il intlni tiori, 07 
PlillllpsitO, JJtJ 
Pink salt, JIS 

Plat t nor lib, .‘5f).l, 40J * 

PlujiibaUxs, 4(Xi 

PlumbiLrouiidu, quinoline, JOU 


Plinnbie act tale. 4J4 
u, itl-i, Jo.l 
n bill \ I ite, Mi 

ISO bill \ I Itf. 1 51 
‘ I'lliii'l.ih ill 
]>i<>|iiiiii III Ml 
Il til , 1,51 
snl|ili , 11,') 
til. 11 bit lit- ll,'» 

!■' idi'.iii.' li'i.in 41.1 

i'lniiil... iil.iMi.'i >'i > 

I'iiiiiib, ! .M ,1 . I ,.| M > 
i'llllidiiini llbiilli .iJI ;i,i. 

I aiidiilinii, .;j J .ill, I 
111 Ill'll, iJi. .iiiii 
I poll linn lln<-’i I ll.■ll| III', tl-i 

1 . 1 III. Ililllll .Mill , 5IO 

j b\ .liiiMm |iiiip.b ill 5.S7 
I I'l II III oil iti>. 1,5 > 

I ]iliiiiil. i(, , Jiiii 

'I HIM ill , .117, I ,| 

' -I ll-llli l.l il.di . IIS 
I I- iirl.ii.i d, , 515 

. 1),.' . lib, 1 . . 1 r, 

I tllloi N II, i|. , 1,1 

I tlioiiii|i. mil *sl 

(It mil'll. 'lull J is 
lit in\ l'nl|,li ill*, Jll 
' P; I /..//,< / ...7 '5,11 

l‘iii i. ,i( III. I ,1) 

I’-i iidobioiikiii , Jls 

r.n,, 11, 

Pul I \ Ji'iud I 1,1 

i'\ 1 1 Inn . I iiiiii I', lull ,511 

i ’\ loiiioi |i|iit I ;i,ii, IJI 

P\ro|,|imi(, Jls 
tp 'M/, Jni JJl 

1/ nn III/, JiiJ 
. , «|ii III/, Jill 

t,M].il l< I, I III. I il |,| I >di|i 1 10,1, Jl|| 

I'llN . ll j.lOjM III. t. Jus 

t II. III. ".III. I ,|||II,| , ( I V I ll . .’Ill, 

pl is , I l.l Mil |I III .>1 I \ |t III 1 III >l^^ 

I'll \ l< ' I l,l I .[.I • ' ll Jll) 

nil 1 1 l.l nidi \ Jll 7 
II , , Jii7 

V l[„ I I- i(l II Jll, 

(piiil/il, Jll, 

(, (inn. ,1.11' l.iiiiii -., I, ll 5,1 

il Mill, Mil, l.l* M, HM ;,ii) 

lit t > 1 , 1 , ini tliii'l III In', 
ill'*! !• .ni, lO, 

.It Inn 1,1 .11 i.i- on, lOs 
of ll* .0 on. 107 
an il\ 1 ', 10-) 
dl')V,i i,it lull Jils 
'*1) lilt It. (ll, Jill f.iIlM-. 10s 

flit ]>il.'ilii,ii. 107 
prop, it't 107 
ust H, JO'l 

pH t(,it I .lib' ,11. M 
III \i rf„ i.itoi V furn.u «*, .5J'.I 
(or It ml, Jos 
Kociv crystal, J0,1 
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RiXRMjuari/, LV).'! 

UoK.iri j)irK (>f,s. 

Rutilo, L’Hi 

KAM\RSKirr. 277, IJl 1 
SurrJ, 20.5 
»Sar(l(>n\ v, 20.‘> 

Sartoiitp. 

Saturn rmn ih.u, lo7 
Schoilonutc, 2.‘>2 
iSclnin^nlo, f)!! 

Silica, 20 1 
amni phoiH, 20S 
(I(‘n4ilv, 2i»0 
nu‘l( ini'-i)t)iii(. 20!) 
olioniH ill piDjM I (h s, 200 
hydr.ili'M, 210 
nat drill ocr mi n ik r, 20) 

SiliiMiii, 227, 22S 
Hilifinc, l.'it 

jiliysical ( udsl.ui(‘4. IS.l 
in<)|icilic‘i, IX."» 
rraclioiH, l.S,”) 
tli(Tm(Kli('iiiislr\. IS7 
Silicati's, 212 
typos, 21 1 

iSilu'io ai dl, IkmI'i of I (Ml (lull, 21 1 
aoids, 210 
SilioiiliiDiidiM, |o;i 

Silico-ni I ( vloid , I.s7 
iSilioo-nliiMiiiiK' at III 4, 21(5 
Siliooldd.inc, li.duu'i n ili'iu.ilin s, 2o| 
SiliotildtiinofoiMi, Iso 
Silioocliltintftiim, I s') 
piopoilics and m .u liuii-., ISO 
SiliOD-i'lliant , IS() 

haltif'fii d( iiv.iliM s, 100 
I)lo[)oi(it's ,md rt at lioid, ISO 
SihcoHuorofiirin, l.ss 
Silii’oformic anludndi', 221 
Sihcohcxnni’, li.d«*^i n <lt ii\,ili\t's, 2ol 
Rilico-iodufidiii, 100 
liroportios iiinl K'iuliuiis l‘io 
Riliconios oxalic ikkI, 221, 221, 224 
iSiliOomclli.uic, ISl 
Silicon, 170 

nmoiphoiM, 0 

action of ui’ids and alk di'. on, 170 
heat of coinbu-iliun, 17!) 
picparation, 177 
piopcitics, I7S 
and the IkiIoccms, IK7 
atoinio wcmlit, ISl 

chemical < haiactciistics and iclilion- 
ships, 177 
crystalline. 0, 170 
prepaialion, 170 
propeities, IS I 

detection and estimation, 201 
history, 17(5 
occurrence, 170 

preparation and projicilies, 177 
speotriini lines, 181 
Silicon borides. 2,10 
bromotri -iodide, 199 
oarboxide, 230 


Silicon chlorobromideq, 198 
ohlorohvdrosuljihide, 22.), 220 
chloro-iodides, 1J)8 
ihloiotiibioniide, 108 
dihiornodi-iofiido, 1!)0 
diiMihide. 230 
di( hloiodihiornidf. 108 
dl imide, 227, 22S 
jlioxnle, 201 
(lisiilpliide, 22.7 
-halide^ list. 1S.8 
ludiotii.iiiilide. 100 
mixtd halidt's, r)S 
monocaihid(‘, 22') 
n)onosul()hidi‘, 22.7 
nitiidr, 227 
nitride'., 220 
nitiiniide, 227, 228 

o\\( hioti(les, 2()2 
eiMistiluliun of 200 
n\\ hxdiidi"', 221 

ox\ sulphide, 22.7 
H It iimIc, 227 

siiMliioiide, 101 
t(‘l lahroinidi , 100 
(otnpoiintl Mitli aminomi, 107 
eoinpoiiiiils Miih oiii.niii h.isi , 107 

he.it of foini.ilioii, 107 
|iiep.iialion, 107 
piiipt ities, 107 
It f rat Idondi*. I') I 
( otii|>onnil uilli amiiionia, I0(> 
pri p.iralitm, 10,7 
propertit's, I!)7 
telialluoridt*, 100 

coin|)onnds \Mlh aminoni.i and phoi 
jdiine, 102 
pr4‘|).ir.ifion, 101 
ino|M tiles, 101 
i( .let ion Mith u.ilei, 102 
1e(i.ih\tliiili‘, ISl 
leliH-iodidt', 107 
teliaiiiide, 227 
lliioltntmidt', 227, 22(> 
thioi hloiitle, 22.7 
liihroino lodidi', 100 
tneliloiolMoinidt*. I')S 
t riehloiohydiosuIplMilt', 100 
Si I leones, .7 

Sdieoniliouen ludinlt', 22S 
Silno-oxnhe innl, 222, 220, 221 
iSilieopentane, halogen di lu.ilives, 201 
Siheopri>|)ane, h.iloaen ili ii\a(i\t‘s, :>U0 
.Siheoihio urea, 22.7, 220 
Siloxieon, 230 
Silxer acctxlido, S8 
inelaplunibafe, 109 
tlnocjaimte, 173 
Smokv-quart/, 20.7 
Stnhiim iiietasilieate, 221 
stannate, 371 
// stannate, 3.7.7 
htannii hlonde, 348 
staniiifiiioiide, 343 
litaniflu'oiidc, 239 
Solder, 338 
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SphoiK*, 2.12, 248 
Spinels. 215 

i^'^nntu.o arijrnti nii -uhlimul,, .iiii 
Sjnrilu-fi fuituiN'^ I.'hvit. tli> 
n-St.uii]i( aenl, r»{ 

iinil s.ilts, .r)4 

j!:l-Stniinii* .k'kI, i'>,l 

mid <l('M\.ui\(N. .‘ns 
Stmuiic .ludN .{VI 
liKitnidr. ,‘{4I) 
iWiiiiioniii, IIM 
)i(<il oMmiiii.iIkii] {4'I 
li\diat(, {{'1 

ilii*-. 14'» 
pi) |).ir.iliriii {!*) 

1)1)1111)1 |(l(ll<|t s .i.'il 

c)iloii<ii , ‘ill) 
additi\<‘ "()inp«iiiM<U (IT 
11" s)il\) Ml. Ill) 

IkiiIiiil' |i))IiiI .'!Iii 

crili) .)l ) oiisimils ;iii 

(l(’lisil \ . ‘Ill) 

lic.it )il iiiiin.iiMh IK) 

}i\<li,U)‘. ,‘117 
}l\)lllll\M'i. '117 

IlK'ltltll) [lt)llll ill) 
null)*) 111 II .I'.soi 1 1 * mti I III 
|ll) |l Ll.ltl))l). .Ill) 

pDipiWll) s, ,{ III 

Hoivcnts till III) 
flil)tiiil>r)inii(li 'i !‘il 
(‘lil<)i()-i))(ii(l( \ 1)1 
fluoriile, .1 l.l 
miiiuoiii.i. .11 1 
linlides, iiiiM i| !'t| 
i(i(iid<‘, .{'id 
!iiiiin))iii.i ‘{'ll 
li\)li<il\''i'' I'tl 
])i)i|)) il I) ^ .I'ld 
loilooliliiiid) . .1 id 
Ki(J(iSUl|)lM)|i'. .{.'i‘‘ 

nili.it)’, S”)(l 
ox I) If, .{.")2 

mnoiiihiiiH and c i\sl dliiD- I Id iind 
Kl.idiinN {.'id 
)lcn.sil\ .I'lJ 
li><lr,il<<l. ‘{'■‘I 
ni<*llMi!/ |M)iiil. .1.72 

IflllD’lliiIl IJl) 

)i\yaul|ilii'l'’. T'S 
pluisph.ili’, .‘{lid 
^i^ i(i|jli<is|ili,it)', '{lid 
aulpli.'ilf, I VI 
Hulpliitlf, ■{■*7 

solid Dili in .dkali, {*■> 
prceipilat)')! .{'i'^ 

Stannibioiiud) '). .lid 
Sltannifldoi id)*'). .'il8 
.St.innif'iii)n)h " .ITI 
iStanni-))\<dic u'dI .jidI >*.dls. lilid 
StennitiH .dk.di. .nj 
const did Dill, .172 
Stannn iodide*' 17' > 

Slfiimoiw 1)10111 i)l) , .‘{4> ' 

donble salts, lid 
properties 149 

VOL. ^ 


, Staiin ills ( III mil ,14 4 • 

.i(ti)iii if siil()}iuii(' acid ill <4.5 
I (>l siilplinioiM ii 111 01). .14.5 

I iii)iii)iiii.i 144 

b.isio. <1 » 

, iDiiliii:' liiiiiii. 111 

I ) ))iiipl< \ '.ills, 14.7 
! In i* tit tiiMii ilioii 11 i 

' liidiili III 

III) l| mil: p>>iii(, 1 1 1 

It tliii III.' II iimi :i'i 
\ (liiiiii ill ii-'U 11 1 

lliim nlr 1 1 I 
luilmsiili 1.72 
■III I nil I i)l 

, iiDiiliiii' ( lid 

piiiptiliis, t'id 

nil nil I >'• 

II Mill ! i| 

III ll t l■llll•ll Hull 172 
-nllili ill I is 

' iilpliiili I III 

pii I ipii ll lull > i7 
I SI. Ini lull III ill ill Th 
I t nil It) {III 
tini' s| III {III 
1 "^l i'in\ I . Ill•«lllll {7)1 

's|. I <1. ll Mll'l I \ III I ll Ill'll {() 

Mill'll) 22d 

s/. . ' , ; / , {21 

''‘i.'l ll. {III. 

^1 1 nil I III 'iM "t \ .ill ID \ , il 

Ml) nil I III { ' { 

.''I I "III linn III I Inipliiiiili d) ii)7 
I '^iii.' n ' ll III <1 d 12 
I ^iijn ..I I) nl I 12 
' Milpli'" \ not I' III 171 

, .''lllpllltll s cl I III I'll, l<l\\' I I 7d 
Siilpl.' n Hill ii id ti Hill 1 1 li\ I' IK 79 

'siillilini ' 111 'I li\ili'_iM niDiiV'd ot, Iroin 

Mill 'MS M{ 

'I \i. \ 'll 1 1 !d| 

'l.nit.diti .{14 {2i 

/'( I m I lilt w /../ , 1 7fi 
'll li.niD tli\l si mil nil’ 111 
I liiiii n li.nnidi 1 4'' 

I liiHi .nliniiii t. id III 
I III* I' nliiiiiii .1 id, niiiii'i d' 1 1 \ .it IM s, ltd 
I liiii' .nliiiovl I lilniidi 1 49 
‘I liii'i N.iii.di*, di ll I til'll iiid i-dMii.ilii'n 174 
i iii"i I .uni ll id 171 
' 'iiidiK ti\il\, 172 
I niisl lint lull, 17 i 
III at III l"i III ll icn, 1 72 
iiiliMliidi 17 . 

I liiiij' iniaiin .n id .{21 
I liiii-.taiiii.ili s .{.77 ^7^ 
i liiHst mini .11 111 {7s 
'lin.iiiii 1 149 I7.{ 

'I Iml I i. JSK 
'I liH'i miti . 277 
1 'riiniili 277, 27.S 
j 'I li'irinni, 277 

' .ilmiitr Mf ij'lit, 2S2 

, iKtftlion, 299 
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Th^riam, CRtimalion, 2Q0 
heat uf cuiiibuNtion, 282 
hifltory, 278 
metal, jtrepaiation, 28l 
occurrence, 277 
propel tiofi, 281 
radioactivity, 
decay anti rcoin'rv, 301 
diaeovei V, 3(Hi 
active deposit, 

invcHti^'iition, 30(i 
Thoniiin-^, :i0.s 
Thoriiiin-fi, :iOS 
Tlioriuin-(\ 30« 

’rhonurn-l), :{|0 
Thorium- K, Ml I 

I riioi mm iliMiiil ( ,i( ion pi oduets, ohiii t 3 1 3 
eiimiiatioTi, 302 
iBolupes, 311 
HoneH iHotopy, 311 
Thorium- X, 300 
Thoiium Hp<-ctiiini, 2S2 
Thorium acetate, JOO 
acetylaceloiie JOS 
arseruiti'i, JO’i 
bi ornate, 2SS 
bromide. 2S7 
addilioii eonipoiindH, 2SS 
hydratcp, 2S7 
broinojdiOBphHle 203 
carbonate, 20(5 
eai hoiuiteH, complex , 200 
eaibide, 25)3 
chlorate, 288 
chloiidi*, 283 
adilitioii eompoiindfl, 28(5 
liydiatcH, 280 
properl leH, 28(5 
chlorides, complex, 28(5 
ohlorophosphute 205 
compounds, 284 
extiac'tion, 278 

premratioii m laboiatoiv, 281 
dioxide, 288 
propoities, 28S 
double thmiidcH, 285 
fluoride, 283 
iormato, 200 
hoxaborido, 299 
hydride, 284 
hydioxidi', 289 
hydroxybionndoH, 28S 
hydroxyelilniulciH, 283 
ludate, 288 
lodido, 288 
nitrate, 294 
nitratra, complex, 293 
nitride, 294 
oxalate, 296 
oxalates, complex, 20(5 
oxybromido. 288 
oxychloride, 286 
oxyfluoride, 285 
oxysulphide, 290 
perchlorate, 288 
phosphate, 293 


Thorium oi^lenate, 294 
selenite, 204 
silicate, 208 
silicide, 298 
sulphate, 290 
hydrates, 291 
solubilities, 20.3 
solubility, 280 
Hiilph.ites, complex, 292 
sulphide, 290 
Hulphite, 20() 

.sulphit(‘s, (oniplex, 290 
‘•iijM ‘1 oxide, 280 
fartiate, 297 
(aitiates, complex, 297 
tetiuboride, 2*18 
'I'm, 323 
idloys, 337 
hiblioiriaphy, 339 
.letioii of acids on, 333 
alomie weight. 333, 337 
block, 3‘!0 
boiling poiut, 331 
chemical pio|)('rli(‘s, 333 
coeflicient of expansion, 331 
(.omhiistion, 333 
eommcK inl, .530 
copper allovs, .337 
‘ cry,” 331 
diiwit}, 330 

detection and ijuahtative separation, 361 
clcclroim (alhiigv, 3JS 
extraction m div way, 323 
in W(‘t v^av, 328 
toil, 334 

fmiu i(‘covery, 328 

giam, .330 

giev,330 332 

heat of combustion, 333 

histoiy, 323 

macles, 331 

ineltmg-fMtud, .331 

metalhiigv, 324 

methods ot estimation, 362 

ueeuiienis , 323 

]K‘st, 332 

[ihvsuai piojierties, 330 
reeo\ei\ fiom tm-jilate, 328 
lefincd, ,330 
relinmg, ,32« 
rhombic, 332 
specific heat, 331 
s|M'ctrum lines, 332 
theimal conduetivity, 331 
transformation, tetragonal into rhombic, 
332 

whitt' into groy, 333 
transition tciiiperatiirea, 333 
t} pical brands, 330 
uses, 334 

Tin arsenides, 360 • . 

bivalent coiniioiinda. See Stannous com* 
pounds, 
butter ot, 34r 
compo^toHf 348 
compounds, 341 



SUBJECT INDEX m 


Tin, di-eLh,\ I. 342 
di-ethyi di- iodide, 
diuicth}! dielJuiidr, .til 
di-iodide, 34 i 
oxkIo, 34 1 
sulphate, 341 
dioxide, 3r)2 
hvdrowtiK lildiiile, .147 
moiioMdc, .i'll 
^ ore, pill itieiit lull IJ'i 
oxyrmiiijiii' M7 
phosphidi -1, 'HiO 

|iyiiU‘i. :l'.i 

f|ii?idii\ iilent Munpounili Su imiik 
e(iiii|)uuiiiU 

^uU, 344 
M’leiiidi , 3.)'i 
tellunde, 3.V.I 
(etni-etlivl, 342 
t^'traiiirt li\l, 141 
tn etji\ I, 3(2 
lodidi*. ,142 
tiiini'tlu I loiliile, 311 
Tinniiif', 3.11 
TiiiHtoiK , 32 1, 3.‘»2 
foiiimliun .ir)2 
'1 itaiuiMidi', 21 1, 2.'i.l 
'I itanatcs, 2 is 
nietallu, L’4‘) 

Titanic iii'kIh, 24"' 
iiroiiiidc, 2 43 
dilondi', 211 
I oiii|)oiinds 242 
h\dio\i<l<'' 247 
nxhde. 241 
iiifiKh' 2‘)2 
u\nlat<'s, 2 .‘m 
oxide. 24ft 
s< Icn.itcv, 2.V2 
sidi riiti s 2';2 
sulphate, inuinal 2.31 
MulphaW's, 2.'il 
•basic, 2151 
TitaiiicitiaU's, 2r}() 

'ritanifluoriflra, 23K 
Titan nil ucatc-i 2“»ii 
Titaninitne .icid, 2o3 
Titaniphotophoiu .icid, 2.33 
Titanisiil phti ics, 2.31 
TitanitartratcH, 2.3.3 
Titanite, 214, 2.32. 24ii 
Titanium, 232 
atomic weight, 2.3.3 
chemical piopi rtn s, 23.3 
detection, 2.3S 
estimation, 2.3'J 
history, 232 

m rneteorites, sun .ind stars, 2.32 
in rocks, 232 
ui soil, 232 
• Doourrenco, 232 
physical proijerties, 2.44 
..specific heat, 234 
spe^rum lines, 234 • 

zircnniuni, cerium, and Hionum, com- 
parative study. IR 


'i'ltanium broiiiidea, 243 
cailiide, 2»4 
( hloiidiis, 230 
chlitiidironinles, 24 4 
coriipuiiiids 2.17 
e\an(tiiitiidi' 2.3 1 
di( liliit ide, 2 i'l 
di I tiliil.', 24 1 
iliu\iit< , 2lii 

lit It ul lot ni ii ion 24(4 
di'.iilpliidi . 210 

llllOlldis, J.IT 

lutlid.^ 211 
liiu||u..|||||l|idi', 2 10 
MiuiH>\idf. 243 
lilt lull*.. 2 32 
liitiui't II li'ilnles 2 >3 
uNldl-H 21 1 
<i\\« liloilfh s 212 
|tliits|ilii(!i 233 

|it( |i ii.it lull, 2 1.1 
'•.ills ui ui(.«'inic a« ids 2 »3 
s« s»niio\nlate. 2.3.» 
eM|Ulu\ltlc 21.1 
«.« s<|iii'iilpli ill . J3il 
duiilili s.d(s 2 ill 

st>s(|i)|viil|i)iidi 240 
silii id* 23ii 
siilph.itcs 230 

s||l|lllldl'H 210 

I* (lalnoinidi 2(3 
1* t null lend) 241 
.uiditioii ( 1 iii|iuiiiids, 243 
ti liailniiiidi , 2 >7 
l< (la iodide, 24 1 
liiiui v.inatf ** 234 
tiiliiiiiiiid** III \.di\di<i((‘, M3 

tiiehiuiidr, 2 10 

ledui MIL' |iiu|M rlH M, 2 (If 
UM> Ilf, Ml \u|llllietMC illial\slH, 241 
(iilluoi i<l( , ’ i7 
tn lodid* ,211 
I'ltaiioiis ml I ide, 2.32 
siiljiliiite, 2311 
'I'lt.iin Niilpli.ili s, 2.31 
Tossiml' ' III 1m. 32H 
'J'nllKUIIusllK .UK . I'SO 
Tn* hloimeieiiiK .lu taldclivde. HR 
'Ti II IiIoiosiIk aiie, ISO 
'1 iilliioMisilii ua , ISS 
'Tri-ioiloHilH UM‘, IIH) 

IVidMiiit*. 2f»S 

])lnsi(al ]ii<i|M ilica, 20H 
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